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WBACKERABND OF THE | NVENTI ON 5 Enzynes are usePCT$19031031719

a W de range of applications. An inportant group of
enzynmes i s the proteases, which cleave proteins. Mny
prot eases cleave target proteins specifically at

defi ned substrate sequences. This tendency for
specific cIeavage by proteases is referred to as

I

nenbers of the d| c enzynes
can be attributed, in 10 part to drfferent sets of

am no aci ds mrthin the bi nding domain, that are
utilized by each enzyne famly for substrate
recognition and catalysis. A rational approach to

engi neering nutant enzymes has been successful for
several proteasegsdkERGIEH ek @m@mﬁgﬁsr due
(glycine 166), known fromcrystall ographic data to

reside within the blndlng cleft, of subtilisin was
c han gEerzyrlt?S aivasest witlin e ifle Bnes rapplicatipnsn dinigjpgrtant group of

£l §Sthe %Ila%a&@ Sihith 188 PEERs. MRnyisibieHRE EMSR t2f3OMREkeins
dranatlc c anges in specificity toward substrates Wi th
spreiicaly #gle PRAubaEeaiengesy F{alsémdqecyj@r gpegifip glepvagp by proteases
ref'é%red to sﬁgfe', Ny até' se@)/em? é}é §hl§§|t1ate S éc]@d?‘tze)s associated
47 . rréfl Re

Anothe act encoded seri

' m@dp‘@qx@ntméoerswf thetdierysriamaiss ef prhtgslytia braymge ean be attributed, in

acti

sizysedhmili ﬁ)remlzsytme reqepeitios atdocatadyse. iAncitiered epbroach to engineering

%1 ! u%% ur ales Iras%)ée utccesgfu%()) scveraIP o cgs?e\é ITR %%%]er\ye% amlno a01d residue
e re Ing a- I C pro ease rlvatlve

l()glpcademﬁs,umstvﬁ &itoen crg@ﬁkjgfarphictdytatt@ mrdd smlhaf tiebindmp R f, of

PR s R orGa 508 S atrnbnt PORZO0 v s s enryme

-beevaﬁl@éd dhgwéﬂ gﬁm&&e&lgagee naﬁpeﬁbfbﬁﬁﬁ)lwa_ﬁi sugettauﬁr veith thasasing

re te endo ti.das char ze their .

Susiearbie aaf ap e Lo lgperC e Do Sy, Quant. Biol,

f(ﬁmb 52: @75 Iy Aﬂétherﬂfa@t%ﬂélljﬁencéd%ﬂ sérafel eﬁﬂ@pe@ﬁda@@ r@@l@ﬁa@dtease has
lmary, second arq\; and terti ary struct ure ten

.a}re beraratinally pléessdioiechapgipg myBepnine 1R do apstlpgipe. sﬂteere%ﬂhng

%tmhlwﬁ%l @t h&lve @ﬁébdﬁ@&mm Q{)ﬁeﬁﬁtto BQVGEIﬁérbé’sled ytmcﬁﬁm fRxibility
exanpl e, the nenbers of the ca tic triad are fa

ap Brerenyne asEveyitengdhg rasuliipg ﬂdrtecgar?tarﬁe et eadive ha@éﬁd@% @ipstrate
R B RIORGEE A Bk OGS b A Iy L SRRy, 191, @)
s10388O8re (or folding), of these proteins. Serlne
proteases differ markedly in substrate sequence
recognition properties: some are highly specific

(i.e., the proteases involved in blood coagul ati on and
the i nmune 10 conpl enent systen); sone are only

partially specific (i.e., the mamalian di gestive
proteases trypsin and chynotrypsin); and others, |ike
subtilisin, a bacterial protease, are conpletely
non-specific. Despite these differences in

specificity, the catal ytic nmechani sm of
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serine proteases is well conserved, consisting of a
substrate sequence-binding site that «correctly

WEomHNBI0BE the scissile peptide in the active BCT/ES2403/081719

five hydrogen-bonds. Once the 15 peptide is bound, a
hydr ogen- bond network between the three invariant
residues of the catalytic triad catalyzes the
hydrol ysis_of the peptide bond. This large famly of

pr ot eddie sergproteases vty aRiexfensivelyrsiiind frmily plsiclatedesnoeneptidases,
5
e o R e R R R it
mgews,éh%mlonﬁv@@mamdlmmondﬁw hl@,d igesiaer mupture temtito include
r.
Scﬁé Il%gﬂ{l{éQH‘Q lve% ?hgé%g%ie sw%ﬁ& as g)elﬁ %sutr“g‘{ 5] r%,g%o activity. For
ueseniphsthe a@mbblss of e catalytic mdtalnﬁfaamart il le mmae;nitrwfmresi{ammo acid

br oadl rawn to the di fication es t o
AR LhtaE Sty w e iiBhese Biop et ARG potfprming distance
thyathe tehtryr@sticture@r m@hg)asmeﬁlpeawﬂs a target protein
which j s involve ses a pathol ogy.. In one
enbodiSFER PrareateR diffen V@H@?@ﬁn Sitfrate Feskipce EFophitipnproperfigs: some
aare BighlyRBedMicli. 8 28R prdtéhsey 1R d1edd i BRed 'cG&ﬁIa’u@ﬁ afid¥8e immune
invention, this nodified protease_ is a cysteine
(FOBIPISAEE! SYSIFBY 1Bt @iy Pastiallhgesific G thsamammaiapdigestive
GR6RERS trjiBirParld ch&lﬁBNyﬁi‘n? R bBRRCIIRAAHANGE S bagtgneﬁ gro@é%se are
used to screen for rofeases t hat cl eav
dregiptesly negr-epseifisr Degily ﬂeﬂse élf RS spesifighy.ithg eatalytic mechanism of
SEAHERGRpscl aspant iy |
ase Es (fiﬂ‘g)r Y | %(ngls{llﬁ)% cgft agsggéeaﬂlgagﬁgg\%enfeeﬁﬁ&nﬁ site that

raenbetly I@Sltlnnﬁ the passge pepdide frothe agive siterpish fipé hxdn@en-bonds Once the
F}; G ¥ bodhd? ?{Qré.&%ﬂogi’f' ?{&&%rﬁ%é&%%otﬁ{eg %ri]vZulignt re31dues of the

tease scalfo as e sane or a simlar
toatalytic rmamapaﬂmeﬁos dydrblysie n€the paptaldibordt Thig hrg fsrmiﬁ 6f;trdteases can
RS Pl 2 BRR ta PRN R BPRRAL TR bl i hei
ahﬁammgnoﬂaﬁﬂymsy of each nenber of the library is
nmeasured using the desired substrate sequence fromthe
desired target protein. As aresult, 5 proteases with
t he hi ghest cl eavage activity with regard to the
desired substrate SEMMARY OFETHEANVENTION n anot her
aspect of this enbodi nent, the nunber of nutations

glrade tﬂgbg&g r?[iﬂzteﬁ@téﬁs gﬁa&@ b g‘{e%ﬁheg?ﬁloil@%c:i ?cg%e%}‘%;of éto(téa.’s%sflthat

qhqave_m;oteilg knp@n to HelinvdlBed ih6lisedse, Th8resdlgmopro@G) may®elused as

%% gr .aspect em,f thi s enbodi nent, the known protease
?o can Y'ude the anino aC|d sequence of

t rypsiThe nwleymmt is padly draswhs tlid lhsdlficatibiil bOprbietses fl ARAhBIr substrate

(RiRce PRSCeIS: O HehER sl RO Geis pRjEe! Hol whish is involved
twiglorSatide & pﬂh&bi@ﬁslﬁ-oiae éM&i?m&ﬂt,of AN BN, fhis ﬁb@ﬁé%ﬁi?tease isa
eqle]a%{ gfgégggz F%%l??gh@?gl}n ‘i?‘ﬁlilléﬁltr?¥ Er}}a?fig‘ﬁnﬂg}g g?ﬂ% glﬁglrfllgcllj {)rrotoegse is a cysteine

girgtggge_nogen activator,
One embodiment of the invention involves generating a library of protease sequences
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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15 conpl enent factor serine proteases, ADAMIS13,
neur al endopeptidase/ neprilysin, furin, or cruzain.

wo pooanst7ber aspect of this enbodi ment, the tarp@r/us2003/031719

protein is involved with a pathology, for exanple,
the target protein causes the pathol ogy. The pat hol ogy
can be e.g., rheumatoid arthritis, sepsis, cancer,
acqui red | mrunqdef i ci ency. syndr one, respiratory tract
PrAiass soaffeld hastheishmy prehymilarsaausner/ RHPYP PEtEh I8 ong

ambidiRent hiPRAENE s ARRASHroRhsed th §n&ﬁ@?@9ﬂb9ﬁﬁfem df t&ﬁ: invention, this

activity of the detected protease is increased
seadiold is @ cywieine protaset dihg cleayage @ity off gachvesmbenef the gbravg'els
DN Kt o B8 ARkl D Bom D AL Bl BUpphly s route
padrasesceish the highest sleavage agvity snithaegmdiiofthedespeddubstsie senuence are
QL gtrdt o detect which substrate 25 sequence(s) the

fodi T ed prot ease cl eaves nost efficiently. The
nenbehsanothet Mpedtiob thiy gmimidémenakieniufbeobf matatiayinzade to the protease

SRR 25, 2SR RS 020, L chentane AELLYDEY O 101,13, 1,

measuied7, Bybsor 20)e sequences whi ch are cl eaved nost
efficiently by %I&E protease are detected. In_another

aspec i 2pethepppect of e srhpdimeng dhesknoumpsptease sqaffaldcan feluge the
latnfoPHcHd de ue4we &f tr;@mn%hym%@}%%sm Qubstiflsin ]tﬂronib;n pﬂagmlnlﬁactor Xa,

14, 15, 1 am no_aci ds Iong

AFI9ER YRS B’é@tlmegewaﬁmat@&b%) HESHe Plaﬁrnélosw@vaa@rétPA) membrane
?tﬁﬂlé%ﬁseprbt%as%- IRMTSIQf), ahAMREA, graffYne Mad188Lse, chymase,
protein can be involved in a patho ogy For exanple

mmﬂma apyeaphp elostasenplagma kadlekropn; wikinase é}ﬂ@@éasanm@m@ﬂtlzﬁ@tyr

L R IR T

arwzhipi tis, sepsis, cancer, acqui red i mmunodefi ci ency

syndr [ n

o Ao A ey G54 031 PULNERG Ry et
dér exxhmnplectivb Gagatrprvtgin tdueesahd pa;th(émm’y The paﬂhelag}aw b@fe 4, hheumatoid
fﬁ eCt sge%sw ca Ceeté ;at%alif? eu%Emnoc%ﬁﬁlsegéynﬁcreagfxl%irﬁﬁ%rag)a %ac in ectlons
%ﬂ@m@&&d@g&cﬂﬁdlmtejoﬂéstlﬁﬂae library. In yet another

' te Fte)g? kl}r:%%hleb%sggcél ? ﬁlem | o Ieg&lﬁge? %@lw%gte t‘lg-ﬁegeqftr%{m%taase is increased

|b|wolemsoa@im TOSbEY dnﬂl@OD-@olti beerjﬂﬁd zgﬁéfﬂge ﬁcmE]@bems ﬁlbfaﬂat

Cl eav t ein invo)ved w't tepatoo

so th feeéa?oﬂ ‘“t“ﬁgfo%? givestieny inxolyes geferating idrgyer s %ﬁtfate
QB fcA®D ﬁﬂse wkd tdckees Hmdiﬂm moteats@ﬁl d@@érh@ha&x Whith stiftrate
rheumat oi d arthritis, cancer,

ed
iSPAPGRARSER fheapedisd @9%966}%%8 m@@b?fﬁaneatby Tieapam Fbers of he library are

inae ‘ﬁf) bPﬁﬁdorhl%d HFiHé Feid s&ﬁﬁx@e@‘éﬁ@ﬁﬁlc%v@e%%@ of Qz{ch member of
ast hma. I n anot her aspect of this enmbodinent,

plreditsary &y dhprprofease as medspied. §vh§tréta§@quenq¢s m@n@rcleaved most
%ﬁﬁ@&hﬁg&heogmgegg AdnLentjon, this nodified protease is

a Ccys ne protease. |In another aspect of this
enbodimanether aspecttod fhgeemipdonait, thebsiede teheencpatHdraygys 4, 5, 6, 7,

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 part 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
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15 The patient having a pathol ogy, e.g. the patient
treated by the nethods of this invention can be a

woreom@b173®dr nore particularly, a human. | n anoP¢EDS2003/031719

aspect of the enbodi nent the target protein can be
tunor necrosis factor, ‘tunor necrosis factor
receptor, interleukin-1, interleukin-1 receptor,

interleukin-2, interleukin-2 receptar, interleukin-4,
i THEWRA I RIS, ppeigreBrer dcmyieed immRneregiciengit ypdrote sespiratory tract

Qreb 8GR P Afenzh, RhRldvVE IR disdede, o RdtBhA €UKi n- 12
receptor, interleukin- 13, interleukin-13 receptor, p-

sel ectlh another saneetcafithis gmpedimendt the afficiegesnef, cl@uhestf tlsederoted

t
AR AN 530 6L o TR B 00 v
ﬂ@@mwngbydmpWGEQNdﬁmmy CD4, henmgl utinin, respiratory

CD
S AP H 0 A Rl BT B G v e

rtrecimgtagathofdghr Thé msthod ﬁlvglvwvtdfmmaiehﬁg to tReptaiehed pradease that cleaves

CER AN 2 T WL

Sr C, Affbue Bptct 3f thRE@mbdaimenf kheGRGRILES AL BehRulhtORIS s, sepsis,
cyclin de endent k ase- 2 écdk 2), or cyclin dependent
PeELacquiped [CBELSYBLIRBIC, fo gRiratpEy frad dnfectiops, influenza,

t@?diéﬂaﬁdﬂar@[‘s@as‘é Cér%.@t‘hhfa' On 4rREHEPaspeR Of 1Y ShtbdiAME thiSotease can be
sane neanln% as conmmonly understood by one of
P

ot BHRGPIpteass: In angtheriembadimentpf i imyenfipg.dhis mpdified prpteageis a
hskeng ?rote%!sé hﬁ‘éﬂ@th@@fsﬁ&g st BRUmPBdRIchakR tﬁ%gﬂplr@té Qﬁuses the
equi valent to those described herein can be use
tEolamict i ce or testing of the present invention,
U|ta f
I R B 81 1 Bl BRI DL i
dpheﬁwnemdrenn@gmdn@wnm@medwh@ﬂmmﬂmame |ncorporated by

LR P 658 000 s

stpeot fidcomtsifantor remtom,dnhgeldtaf 1,nnteilo-1 Wchlbton; omdrfeokin-2, n

1k i h | and £x
BB 05T Bhs TRORSh 00, BEATRES, Plfron-s
de:a@tor,fie‘aﬂeulmslzgnnteﬂmkaﬂm@mmf intedeukimnV & rihtedsukiv-1 3 reb@tor, p-

RERE P s e By IR e ARGt e or X

I1ﬁma1n3glb'amﬂ]£ Gmﬁﬁntbglanﬂlmﬂ’l@ce@tm (CCRS|GAHCRS, %iycoprotem 120,

Qﬂg cont ai ni ng the an1£§

H‘%@ﬁ) eén 6} %g %tlrtug%p]rﬁo (jy}lum'jil]éla 1051 Rr%telg, B7, CD28,
dipg rcms, OpanCk40 &Ms&lﬂaf%h@tﬁeﬁgfgi‘m f&h@wvtm@;ﬁﬂe&ptor fibroblast
stru ture Of caspase ocusi ng on

i ot focten er@ogeaﬁe&ﬁ%@h&"-‘é%v%@f‘ ERFeRton Kﬁﬁzfz@mog»r aepsfarming growth

Bactad, Blogp, VAR, XEHBOCRR SO L) BERTABL gﬁl‘éé%%n synthase kinase-3,
sequence Of the |naCt|Vaf|0n Sequence S|te of

eemgependsatkingeRdedh-2), m yolindepandsnbkisesg-4s@dk-8s of bar
grap h%ﬁ&%\@fh@ﬁnéé@ ﬁ&p it &e@fuﬁceﬁ REELdd il J: ¥er191§ ué@fi h GtV RSe the same

granzyme B versus the’ substrate specifl
| OSRAS gmnglpalmzlydgsta)chby @R of P@lrmmdsk}iIAm the art to which this invention

belongs. Although methods and materials similar or equivalent to those described herein can

be used in the practice or testing of the present invention, suitable methods and materials are
described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In the case of conflict, the
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15 Figure 3B shows a table containing kinetic data
derived fromthe graphs in Figure 3A. Figure 4 shows a

wa@eoues17ad graphs from MALDI nmass spectronet r yPorf/us2003/031719

pepti de corresponding to the inactivation sequence in
caspase-3 in the presence of wild-type and 199A/ N219A
granzyne B. Figure 5 depicts a SDS PAGE gel show ng

bands for_cl eavage. products of _caspase-3.. .20 small .
EasertispecHiFatipn. dncluding defigitions wilkeorgal: Jnafdifipn the mpterigls, gnethods,

GAd shaiesardilianhtipd Qﬁlfr hfar6 ASAREGA 1664 iiIYl.id:l‘lg. over tine
in the presence of wild

- e granzynme B an )

| 99A/ Rptwen feayresrpng gdvaptagey @%ﬁfeemwhsh vs bearparenfireip the following

' . the activity of caspase-3 in the
Bl?@?%d“n%g&gﬁmw P%éﬁ?%é and | 99A/ N219A granzynme B.
Figure 7A shows a bar graph plotting apoptosis in cell
| ysat es as neasured by 25 caspase-3 activity in the
presence of | 99AMLSAGRANAORP OB Tiilk BHE AW IRGEOVS 2
bar graph plotting apoptosis in c 'ysates as
measur ed by caspase-3 activity in the presence of
wi | dt Vizareahiy aispleameasis ofige eminoasidrsagueneesofehspremdyang a gikle

b : JNVENTI ON
B O PR FRo Rt P an tCdot ai |
cer t aFigutes? isg dipgeain fremeXraywirystallograplesf showihg th@gruThwee of caspase-3
t " [ C VA " de .
{FeEing 3o bV Bl P huen RN S A AR ARl R along with o
clirgoam storwanhg the emno adld sednicocevaitheihaaivatiom ss@eenoaditerof keyenzyme
tﬁgaﬁg&@ggati on, 5 WD 2004/031733 PCT/ US2003/ 031719
a{ ‘€8ult in phenotypic polynorphismwthin
popul Figues A sksense sati¢salfibangagha Bhdyeing thelsabtrate 3pecifivaty @€ wild-type

in the encode | ypepti d or code pol ypent.i des
Bge B Ear et S RE Shei e SRR e R St P fna pa.
\Higdrgﬂ% "slkl)dvﬁs aaialslle lc@klﬁsiding RIrRtif ?dt@?&ﬁe@ﬁemahoég%mi i? Figure 3A.
enco n allellc _varja ene. e term .
"conp E’é%%‘% OFF 258SH G éTaBJBSt g‘&% R’H%ﬁ%’g‘msé@ec&@%‘{flé %Ea peptide
RElYpeRdifOt tHeina iV 86t defenddinl dAshade-S AiMBL BRBdHIEbYwWIREHe and
sequence and reverse orientation as conmpar ed to a

FefaNehR seegIehBe. For exanpl e, the sequence 5'

ATCCA Bdepidis £ 9DB PARRNE AN Wik Bands forelelfdebProducts dft@spase-3

term "degenerate nucl eoti de sequence” denotes a

sayllspuantdy wilddypandd@AMRAPA gompyied Bdes one or nore
degengg tE6 L QRS g(réa;ﬁx rﬁ&ﬂﬁ%&a@ﬂas&—@ a@tiwriﬁlfcﬁf&eﬁ}ﬁg in the presence of wild-

pol ynucl eoti de nol'ecul’'e that” encodes a polypeptide).
Desepegrenzaime Boand dP2A/2B hY A igranglinid By BiguretoB shows 8 beyf graph showing the

. _ _ 1 U d ¢ esl due
(O e FReA crnRRER P b s SR AR 3 o) Beranzyme .
const Figure' 7A shossi agpeploplotimg bpeptesisinmelblysates asazaasuped by
ci.rcul ar .l ecul e ri ses_segpent f. _DNA

K Shethy of B s of PAMIHR e B0 Bl e o abar graph
nAdttingapoptbsis BNAelldgsasds huitiessuesdibg tcaspasead Aceisity in thé pilessmBdIof

o DUL AL On, A0 Lacl e, ShRNSRo A ALl 5O S Of

DETAILED DESCRIPTION OF THE INVENTION

Prior to setting forth the invention in detail, certain terms used herein will be defined.
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,
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A "DNA segnent” is a portion of a | arger DNA nol ecul e
havi ng specified attributes. For exanple, a DNA

waegawsit’3encodi ng a specified pol ypeptide is aP@DU$10031031719

of a longer DNA nol ecule, such as a plasmd or

plasm d fragnment, that, when read fromthe 5 to the

3" 20 direction, encodes the sequence of am no acids

of the speC|f|ed pol ypeptide. The term "expression

\ead sy resyle MP@QOWPDNAPYE@F@WWWMP ipepuletionpr Sewesmutations can be

S s oa@rre@@%évﬁ{ds .y AR Bl

tanams agid ﬁftqucme | "ﬁhedcehm SllebeVvdrianSacdlscased héreindd dem:gmeprb'sin

n?%mkﬁ% 1cva r gggmtern1nator sequences, and
opt ona ne or nore origins of

re pI i ot iteamm, "cmﬂlﬂememmﬁ‘ mlﬁﬁclﬁﬁideﬁﬁ(ﬂéﬂuﬁs haenkset polyfurtleotide

enhancer,, .a pol yadenyl ati on signal,. and the |jke.

T e AT B = W A
Gefevdnt@beqidibe. Bt RBpIE.ARE RiqiierSé STRRTGSACGGIPY' s cohlfementary to 5'
term"isol ated", when applied to a pol ynucl eoti de
ot e lipea Tfenot es that the pol ynucl eoti de has been
r enov eghe fdrAMabdefierB@nké18btidd 8O REhdE" H&ﬂdte%ld s@@fénéesoftnhaéoudes that
free of other ~extraneous or unwanted codi ng
siaejudas cve or erg dpgenprgtegofons kasaompatst éo ¢ rsferense polyapleptide molecule
gtﬁa%hwd@é } ol gg&gl @%gén%&te%a R c%nﬁﬁﬁﬁff&@ﬂt%pléﬂé of ﬁ&@feondes but

Such 1 sol a [ écul és are those that are separated

fqneq)detth@amematlm aeld xepidia GraEAU andGAG tinkiecashiitcada dsp).

geno m& " Sﬁ‘s’h'u@ts 1 Jn&gl&?g‘r rﬁ)ﬁﬂ% Igﬁzlﬂdgd lﬂgalr)ép Qﬁéu?ﬂt]jl\gﬁ Tolecule
| sol at e ol ecll ‘es o resent’ I nvent

i thgtlconhprises segnaeintsyof DYc combinggt aad JwatepoFd iny nnmanﬁrlnat fednd in nature.

AR A BB A SRSy T v o g core

aihTTmpMammrmﬂgmhms MA|L be evident to one ofdordlnary
' T )
Nt ur & TP Sodfidns’ S §Gan o AR By SR BNtk tributes

tHue ekanipte, 2l I0A atghtkht ericbding at@sificl dblyhdpeidp fsel pirtion ¢f a longer DNA

found.in con the t han
aRe s oS SR pRpS e o 570 i o the 3
tdifestic, edddés the @ﬁ@é’nbedf efnﬁh@ha&shffﬂhé@b@ﬁ&ﬂpd@mb&w i s
free of her proteins, rtlcuIaH

subst lally 5 " o$

ot her PATBY RPREFoaRP R dsrmff@.arP opieiBat cpipppses g Sogment
PRy difkea pdliisepRAOSfQhtBrektibparablydiksd B U ditibRd sdofiefls that Brovide for its
at |l east 90% pure, preferably greater than 95% pure

rrTECTpien vashsiolockly Shsteraditioa SOgUENUR®), ingifde premgter and terminator

" QREMER Md hdikSHonalPhsudehe bf bR oh%m%eﬁﬁ&%ﬁ‘ to%e ormore
denotes that "the ségnments are arran so t hat

fagleeteble markers amehapcer.grpolsiadenylation & opné thepdse @xm@ssgon vectors
e o% A% {dhl?%eg ?ﬁ)n{ ]ﬂh&ﬁlag{fﬁrdl BDNASr Riaf g&%’cﬁé eRBnts of both.

e Co segren
t er mi A derm 'ﬁﬂobtqdénvheh @pmlhsd Itw)gpolmbpeée molgolly gepitesdbat the
0
ﬂorlﬁ}qlg%ﬁ% hgg %e%%n geﬁrgoa\{e ael‘%e pe?lc }}gﬁ%lrang i tﬁms free of other

faxdmmea;umlmflﬁmaﬁuad c@dmseqmancééemﬂem e fodh fiimbkrfoase arithitggenetically
ort hol ogs e I esu

e b pd R Bblensn Sulgasd irpltiutiire Mies Ghtfgsopaated

p[@dﬁj R fr nafural e@ayimeARNY GlcRAE cDB AGndrgehaid clogey, heieell as synthetic
? rea ffon1the 5' {o the 3" end, Polynucleoﬁldes
ynucleotides. Isolated DNA molecules of the present invention may include naturally

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

6
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i nclude RNA and DNA, and may be isolated from nat ural
sources, synthesized in vitro, or prepared froma

w@ oooiosirsd on of natural and synthetic nol ecul eBCT/Uk®03/031719

| ength of a pol ynucleotide nolecule is given herein in
ternms of nucl eotides (abbreviated "nt") or base 20
pairs (abbreviated "bp"). The term "nucl eoti des" is
used for both S|n%le¢ and doubl e-stranded nol ecul es
vitfapsecigted reginins avill bpevident do onpypd ardineey skil} i theary (sp¢ fos gxample,
qgﬁghg $tThan I |-&s e " "
over al § Féng?ﬁg% 667% 7%bleggg d@gﬁ‘%@?w{% e&ggﬁh\% ent jeolated
tindicdtes thatrthe prbmms fcplad Asd coriditioniofter then iteualiynemwathningnt, such as
t Ltpd h i SL f. a .

AR R Ul il o DR T a S kR R pupsansiaty

| feqegif bthanpkoteiml palrﬂu&l&]ydﬁhetr brotednd oﬂ?lmynaﬂ) eriglh. Bﬁsﬁ;ggﬁfraﬂto provide

t I | e
e ProlT thauhighty R ot sFe SOFPL U6 A s St e daom 95% pure,
rmbxe@tdf&amgrea&t ﬂﬁﬁ99¥§|ph% tSuch Iunpalt LedTﬁndf will,
ge not excee nt i e e term
" pr onﬁl@.wfmd SRgPRE ﬁake&&rweaﬁefalfﬂ%g t@@ﬂlé\ LEmes Sepiesthe the

Ss%?&l&ﬂ@&% abrhiled s M fifnBfiort 1A @omie R FbMBeiPinte BN purposes, e.g.
nmerase and initiation of transcription. Pronoter

wné@mt}eﬁ dliatopin t@mpsﬁndmcemﬁtthravgbébecodprtamamﬁm to the
t{BGnimato1ON- codi Ng regi ons of genes. A "protease" is
an enzyne that cl eaves peptide bonds in proteins. A

" prot él}élg mmppeheleg glenotesa polyedptids orgirgteinphiined drofioynmsprcies that is

50 T PP . S

RiffereI82e @@Dmﬁm@gs Fieche weylt Ofspeniadioor y si gnal

seque a L [o7ele

pol yp ggl I:g | ollﬁil ‘?nyﬁ scé%rtl e re;l 8‘%%%5 ?gl e" %ﬁl{bwgl? ,%8%{1? g%SOIymer of
olopwitentcleaftida ot lailf(@ecleqitide)bpmstéadél;ondﬂw 8'ab thet3hend. IPalygecrleoudes

I de ecr r of a
\Nﬁcl}.{ﬁeﬁl&l Iaé‘ldw hg@ }n%% ge 1s?ﬁée% f%/g?%a&ra %bengF(isln VZZTO or
cpoepapsd fyom b eanvidation of @aamiad aﬁ&@nfheﬁcr ﬁblemlesp GIhta Ileﬁhgth ofa
durin nsi.t through the secreto .path . . Ihe.,
bR aToh 818 e e S E B R R orbase
Spas (szbfe&iakeyl "HatY). g@h@ﬁng Ofiucledti@ay agRedfbor Both sRpRaGR. dolble-stranded
term rotein" denqgtes a orotel
TGS R PG Bt s: DU gl aphlid do bl gigndec molecules

m Rtuease deﬂ(Qe dWgall 18AgE andSwilt RAINdéShEd tolte ehﬁ]ealéﬁ% t;IIel @¥m "base
a protease that make up.the substrate sequenc

maﬁa’I A WHbbadstoznirrd by thoge skillpddn B agdhpt Eisitva srapds P%afﬁouble-
téﬁﬁndﬁ%%ﬁélé&ﬂe $aly Qithér sﬁﬁftﬁ' ifl ﬁzln%ﬁ'ﬁn& het @b Eﬁis Qﬁereof may be
proteo ySis- the scCissil he ternms "Pl- nd
mggerpd, asa rfeéwlte? Ny °|1Q9§@89u@95 alhmalqsééﬁswdﬁmt edqvéle—stranded

n
PB4 k9B g gt
SAgin enghsequence. PlI-P4 are the positions on t he
N-ter " I [ P4'
are t %@ g%g ?o&}ogért hg}%ﬁe% %%ﬁ:%g%f % %n% cogt\gﬁl? sequences that
qireadatpe theitieling &N Apglymeraly and initiation of transcnptlon Promoter

sequences are commonly, but not always, found in the 5' non-coding regions of genes.

I

A "protease" is an enzyme that cleaves peptide bonds in proteins. A "protease
pep P p
precursor” is a relatively inactive form of the enzyme that commonly becomes activated upon

cleavage by another protease.



10

15

20

25

30

The term "scaffold" refer to an existing protease to
whi ch various nutations are made. GCenerally, these

wOoraoan3oss change the specificity and activit ypof/usive3/031719

scaffold. An "isolated" or "purified" polypeptide or
protein or biologically-active portion 20 thereof is
substantially free of cellular material or other
contan1nat|ng proteins fromthe cell or tissue source
f r om Whe e { sperefnny bigna eeqyernace fenofes ad i gegyenggrthat encodes a

e T A S e i e
g giypolmetaleltyotgheeseattogepatiarofimeel i which itneiynthesized. The
R R S
ft]nromghmhe sderdtdry psthws;ol at ed or 25

t LC d
| anguae e iRl 1R oS p SERRRG TR ¢ spei ity rseted for
ichaldpd oy api@pae.at i ons of protease proteins having |ess
th t 30% d
pr ot ei S St BEeet BRI Sineics fBpleiHnatls Bev Cobanired i substae

RéqleBidby)a proRER. Preferably less than about 20% of
non- prot easeféarotel ns, stil] more preferably [ess than
I

about The tFume S Ingt pfeptodhe esigresinp ﬁ?teaé%@lah%élﬁe up the substrate
REGf8éARhdn V%ﬁo%ﬁett hag, A0 awhbada QlquarinPHEehesSRcRRition site N-

pr ot el ns. he pr ot ease grot ern or

B‘mel@é tcthe pije prateadysio thejspissiterhopdof i s
recomgy,p % yPlpP@’diﬂG eﬁl ]{‘4’” feFerdd 21@ r&ﬁcﬁ{e? {naabée}{)tldﬁ to be cleaved that

substanti a free ture ne
me@hlﬁnﬁly emre@ evithghg %lrs§4 teisignesdownd al@@% PB4 eenpraélt' emabﬂl%ﬁ: the

s%a!eg?/&ho ?peo 4 lglp Yol {3 ?11:15';%5611 N R GLARL ¥1dle 8?1?16 EEMge site,

f he Vol Uns ro rotease pro
mlwms 8104 are8thy\sEPn4 fcOBd (Zasrnﬁﬁﬁlrlswsmﬂﬁlcmaagi gite. Hee Figure 2).
loflﬂ glr.l a ’éerrnxﬁg‘gsa%f%ﬂllt’ rr]Cf:rI té altl e)ggtm% 6Prg’c da5e @161{:1? gr?ci L %1%&1%1083 are made.
m}embmllnshesa mudetiohs dliamgerihmgecnﬁcms am:mam@t @fcthé scaffold

chem Wrsprs t her. chem, ca
i nvol ¢ d 40?:?%[%h 8F RyRf ﬁ“gsp"g‘/PS?“‘ler% PIgiR 853‘?1‘°‘l?’$‘|‘ia®nae°“"e portion
ehdiestiigsubttantialle freé aNgllalgemistilisir athet ednkaynihatidg padteins from the cell

h | th h | s" includ
5 B b 578 W o e Hio Bian SR R F RS g from
anemical38eutddys ddlothey\Etiegidals WihenChericaidy syRftREiRdS OThS 1 Euage

non- prot ease chemcal s, . nor referably | ess than
aBs tan%%fa%é\fiféﬁlar ﬁ}a@&a{m’aﬁ%‘gé Prepaafiotsob proipass proteins in which

qﬂeelspoféﬁ{ 18 sepatatdd| froMPESuRE 85:BpHRAY of 88 Sells TR @BQH iit léLQQrtated or

chem cal precursors or non- pr ot ease cheni cal

rrerombratlEprdpsed) dxeneambedimsat theopmnen selaﬁtanﬁﬁlbtfwesqa“ cgllular
Qﬁateﬁh‘l) qn@lﬁ@és%@ﬁﬁraﬁbﬁsmf ‘fo?(ltcsdse ﬁtgte]—&%apﬁlg $£:0Hhah Q%%FBM oy dry

drawn to net generatl n Screeni ng
pvmléh@e@ntp@tem pr@te@wt(@lﬁ@@ﬁerf?ﬁé@ b¢rﬁl§ agp "@pngmueqﬁmg protein”), more

}E%%@tlgss R 46 30%%?981? rgteﬂlrs déno 'rﬁ‘or«gj slgsf‘e% o}pﬁss tgan about

that recogni ze a 0 acl r an amn
si¥bsofimmnercterye procansyartdrhost arqfeaaﬂq;]}e tespthen émqut 5% Ldﬁ oon-protease

TR0, e R ediliSe BURH Wi o BEIERAR pREAL BRSNS pona
weddibinaatly-progatedpit ﬁtaﬁbﬂol’pret&ably shb’stkfrﬂhlj!ﬁfr@e focul?tlhe nicdiuget.e.,

pr ein may inactivate it, dependi t he .
A B BB o SRR BB osdRan ahgat 10%, and

frﬂd)dt pleCRSHIeSLAMENREE 596 of th QoludicDE theREIRE Bdtein Peparation.

speC|f|C|ty of proteases can be altered through

prot ei n engi neeri ng. 3
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If a protease is engineered to recogni ze a substrate
sequence within a target protein or proteins that

wowewkd3 7By alter the function i.e. by inactivar¢DnSmwh3/031719

the target protein(s) upon catalysis of peptide bond

hydrolysis and, (ii.) the target protein(s) are

recogni zed or 20 unrecogni zed as poi nts of nol ecul ar

intervention for a particular disease or diseases,

then thelanginge nubptartialy Sre abeemics] prepuitarapratar chesmipalg!tincludes

\rdbaftiBAIrHPAtYAL BrotBal i Watkn! tﬁ@]%rt)feﬁﬁg E%gra?e\ﬁ cHethical Precursors
gl neer

parti cul ar, pr ot eases can eave

rOéeﬂnpt demidalstivatere invadved in ﬂa:rmﬁhm ofithe protgin. dy bokémimdiment, the
!

ﬂ%ﬂéé@g STt %gﬁ%ﬁrrfé%g? cﬁén%«l:e? g¥e%gxls&@ Br }rﬂ\@grg%erg f;s %:ngﬁdes c]prrepara’uons

IO(ﬁ pp)tera@protﬂ:ms deng l'eS$ thhry atebus 3056 (lgodre éefght) f theeical precursors or

| 0 omains in a I tide chai.n. .l n one
doS Bt RS ke B R B R oH DBt biiFsors o
inox-@kotede uihehhca&ks prait hl@fbd?;g@ferablf&vﬂ% €ha@laBeuti1 0% dhblﬁlcbqur&ﬁisors or
protein at. a.given, substrat ence serves as

PR RTIRATE "1?6811‘9"11% and ﬁaitmf%f@@y? RbQh 5 heTBKRL Preqgsors or

pb@baﬂaﬁegmﬁ@Mﬁs a protein |nvolved with rheunatoid
arthré% 30 For exanple, the_ protease cleaves the
TNF r %Bfteéfint BeeRfionis dREn {¢ metbadsior spmeratipnand-sorearing piegeases to
CYda ki fiHisfa gREREbstrallicquédce arR L nzym
the r gf:gg:) or. SRh%gﬁat Oi gltr%r te?ﬁllrll tcl S %gset%%gbr%g?ﬁlt(}eeat eg © e
Bt resRBH7e 0 AgIing acid ex anonning acid prbstraie eaapernics vt afprget protein,
([mﬁ)recogmm 8é é&é&:?t@ BCabe lﬁ@t@%@é %;z’lagche Mol SlS or cleavage ofa

prot easé cl eaves the saﬁ% targets as activated
@eptm bon¢ withinagergetanotaint éndahs@rqlvﬂes o tb@@rg@bgrgteﬁranaxomactwate it,
?%E&I%?toflomn o aﬁloh df é&%ﬁ%@é/nflhvhﬁﬁltrl glg ggéggﬁébﬁ éﬂg\?@ﬁ rignélﬁl%equence of
Sl thrgcesequdnee uTIE&Gptmﬁtlt}a]f@mt@smas bb hlerédthrough protein engineering.
Pl Ehdideredlo RESHIALY ity SRR i o180 P or
ipnateing that \emildh ¢l) mltatthé ﬁm;vtldno et b}amsmvatuﬁxdfrmfgeqbrarem(s) upon

sigpal s |iferatjon signals. .

R Br pfREE bR e By el PR sggmized o
pllnalcoélﬁ’ZedtaEpoﬁis of moticelas@tesfentidrefor A patitilaiisea@r diseases, then the
therefo be .use n, anot her. aseect

to tre

sPopsired RibisER AR erapﬁ‘&]cﬁ?%ftevé?sﬂepmt?siyﬁwnad@a‘iﬁén%ﬁyahon event. In
tpartigelar, prodagésivah BaknglﬁeefeGS@ngﬁebédé fo@be@n%ﬁ&ﬂsrﬂémbrane and
cancer eavi ng a t 10 protein jnvolved in

Gy ERe Birgkeauran. 2b L o PSRN n Kbielie BroBin epgptors o the
I%{u%c%'o@ a &l & 1b&¥egilohSars ﬂiekeb?)‘ifsk&m%@ce(gﬁoﬁl%é’@f)ﬁﬂar domains in a
Wt hout the progression of the cell cycle, cancer
debpeptidsghainnot  proliferate. Therefore, the proteases
of t he, bRVaHolRnE Y % bOclbdvedls i A& wit
anot her enbodi rrer11lt of tgﬁgpr?}tﬁve%t?%n e ?181 pr ot ev‘zla1 fpathology,
Ml@éﬁﬁé@vméﬁhﬁrfmet protsingti a gpen swishate fsmumte @mbﬂmnreatment for the

leficiency virus (H'V), Respiratory Syncytia
Vlrus ‘RSV), 15 or influenza, inhibiting these virus'
abi | i Iyone@mhoﬂmcﬂnt ¢lel freteasyitlelras b prdieis énviobvet) mathe@heumatoid arthritis.
the e Vi use abl.e to infect

Hor et reapafast oEHES e Eat B e sl i omain and
ahie qytakiertinding d&ehain Ty clelvige GAh\iactivaté thk ret@poa . Rheumatoid arthritis
is thereby treated by inhibiting the action of tumor necrosis factor (TNF).
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I n anot her enbodi nent of the invention, the protease
cl eaves the sane target protein as plasm nogen

wa@edaouosn7es . By cl eaving the target of plasnm noRENUS2003/031719

activator, the thronbolytic 20 cascade is activated.
In the case of a stroke or heart attack caused by a
bl ood clot, the protease can be used as a treatnent
for cardiovascul ar di sease. |In another enbodi ment of

the i hAERINBES cleares e steaeets| 2 aUEatel PrOw fre slhéycleavage can

r RERROIS blobd8dagifafiod CMQIAY €GersT id tRbleBIIBkd AR, Eﬁ)lémentlng the
treatnent for asthma or other pathol ogi es assocl at ed

victipn effireteimtat i on. By cl eavi ng the cytokine or

recep [

| oeEuRE s BiR SR AU WAL A gy
prrecetisstbe sprbasl qfrcmmosaslﬁ)r ezamlh eteatnge o€ celmefdce molwudmtcan
I1ﬂfcI 2 msf’ll % %11 ﬁ)t{ansmlg ﬁ)tgraggﬁ rl]e?rﬁgg%%lls Oets%ecgaé@g?lgg%ggeraﬁon signals.
nghait ithege sigadss cdneer delibftenaamnot protiferstel The protehadsdws the invention

R4 B a4 R A0 RS ESS . e

ecoaltil@ve ﬁﬂy&aﬂgégiret%ﬁﬁhﬁhﬁ%y@‘ﬁsﬁle @@&B@ﬁﬁead-ﬂﬁ bﬁm@xaiﬂ@aiffhg a target
can pe, O for exa casp cl eavi n

as
PRy iAvg Wanl %bcycgppaog?saﬁa ol g&@a‘a\@ e the éblb‘ié’d’g thegeoteig o allow
b b@ﬂg'c @o % SRR A NGB Ht ﬂﬁggﬂ%ﬂ%ﬁoﬂ Mh§éﬂlr@kle%§€e@@@1s could not
10 V\D 004/ 31733 PCT/ US2003/ 031719 In sone exanpl es,
tifelifers nidereire.fheprateases phthe Eypriioaovlg be pesghte traghpanser.
the t dh gﬁ;theﬁ) eRbSdiRRnt JF tﬁ@q{%éﬁugn thd )58 cleg@éitn'le\ﬁ%réﬂg%swn
the activity of the protein. SVﬁlrotease can be used

tRyoteing yungd op human epunedefirisngy é’@“ 1K), tReanirapyry Sppaytialpyirus (RSV),

I {
BN AR P A R Wit mentre o,

| th@ﬁe vatses wondnet be abletodsisct cells. SihetefGR thspﬂq‘rvase@puldlhe meed to treat
' Cyt oki ne Rheumati c
Vgétrléﬁf@%f% kfgmﬁﬁrr%%t okine 1L-12/1L-12R
I rmu ndh egitisakmbio dmentenf sheGyteapkiom ¢he frbtedst IcloavkR tikstatnesarget protein
C}_%/s{p?a% n]ﬂl% gen ach :Nt%ato Fil’yyA%a\?ng the:q’ar&sep ot lasm%ﬁoaggﬁ tl%{'{og Flixlentgrombolyﬁc

arasdade tsi astn@@RS /IleKﬁRésthf‘a’ siroifeat hethus@m%lgcmﬁldot, the

j ratein. .
Fgr&eésgfcgr? {)el wad EsuaS & m Bt $orTatdiovascular 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
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,
for example, caspase-3. By cleaving a protein involved in a signal cascade, the protease can

be used to inactivate or modulate the signal cascade.

10



CD4 H 'V infection Receptor Hemaglutinin Influenza
i nfection Fusion protein RSV fusion protein RSV
WO pdoeosi7an Fusi on protein B7/CD28 Graft-v.-hoBECT/US2003/031719
di sorder, Receptor rheumatoid arthritis, transplant
rejection, diabetes nellitus Ige/IgER Graft-v: host
di sorder, Receptor transplant rejection
CD2, CD3, C4, C40 Graft-v.-host disorder, Receptor
t r ans fih some axeiplss,ithaengpseneil asitesse ik designed tofeaka by ofitheitarget -

i.sorders, ' f1-v. - ' r
Hr S Bl fnc ! tsoed fuoc B i o ERCor HIHARE o sy o be used
Hie tr2dt nathGlny essofiated piththat iGEIn, i littaciitating oheosfabd targeHitReins.
CXCR3 Multiple sclerosis, rheumatoid GPCR arthritis
CCR2 At herosclerosis, rheumatoid GPCR arthritis Src
Cancer, osteoporosis Kinase Akt Cancer Kinase Bcl-2
Cancer Protein-protein BCR Abl Cancer Kinase GSK-3

Di abetes Ki nase cdk-2/cdk-4 cancer Kinase The

prot ease scaffolds are also any of the proteins
di scl osed below in Table 2. Table 2 Code Nane Gene

Li nk Locus 501.010 granzyne B, &ZMB 3002 14q1ll.2
human-type 501. 011 testisin PRSS21 10942 16p13.3
501. 015 tryptase beta 1 TPSB1 7177 16p13.3 (Hono
sapi ens)

11



(Ir1r) 501.017 kallikrein hK5 KLK5 25818 19¢g13. 3-

g13.4 S01.019 corin 10699 4pl13-pl2 12 WO 2004/ 031733
weEanAes293/ 031719 501. 020 kal li krein 12 KLKIRCHBS2093/031719

19913. 3 g13.4 S01.021 DESC1 protease 28983 4gl3.3

S01.028 tryptase gamma TPSGL 25823 16p13.3 1 501. 029

kal I'i krein hK14 KLK14 43847 19g13.3- g13.4 S01.033

hyal ur onpgie HABP2 3026 10g25.3 binding serine
prot ease—{(HGE actiyat nr_- like protein) S01.034

t ransnertA m g;' serine
4 S01. 094 hi3pt ase dEfTa TPSDL 234 13.3 |1 (Homo
sapi ens)|  S01. 074 h@gi’giﬂjgmgg 886 161 '. S01./075

trypt asqiLa&0Q429® hogmbegue 2 (Hono e,amnens) %01. 076

t rypt asql-12b118R} ogue [Brundebd@mrdgapi ensjtokb®1. 077 |t r ypt ase
21q chribiistire 21 (4010 _sapi ens) 56%kDF9
transmerb AN TMPRS$S BABY amm?f[y‘ 2. 3Cytokine

psoriasis, rheumatoid
arthritis

CCR5/CXCR4 HIV infection GPCR
9p120/gp41 HIV infection Fusion protein
CD4 HIV Infection Receptor
Hemaglutinin Influenza infection Fusion protein
RSV fusion protein  |RSV infection Fusion protein
B7/CD28 Graft-v.-host disorder, Receptor

rheumatoid arthritis,
transplant rejection, diabetes

mellitus

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

CD2,CD3,CD4,CDA40 |Graft-v.-host disorder, Receptor
transplant rejection, psoriasis,

IL-2/IL-2R Autoimmune disorders, Cytokine

graft-v.-host disorder,
rheumatoid arthritis

VEGF,FGF,EGF,TGF [Cancer Cytokine
Her2/neu Cancer Receptor
CCR1 Multiple sclerosis GPCR
CXCR3 Multiple sclerosis, rheumatoid GPCR
arthritis
CCR2 Atherosclerosis, theumatoid GPCR
arthritis
Sre Cancer, osteoporosis Kinase
Akt Cancer Kinase
Bcl-2 Cancer Protein-protein
BCR-Abl Cancer Kinase
GSK-3 Diabetes Kinase
cdk-2/cdk-4 Cancer Kinase

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

Table 2
Code Name Gene Link Locus
S01.010 granzyme B, GZMB 3002 14qll.2
human-type A
S01.011 testisgin PRSS21 10942 16p13.3
S01.015 tryptase beta 1 | TPSB1 7177 16pl3.3
(Homo sapilens)
(I11)
S01.017 kallikrein hK5 KLK5 25818 19g13 .3~
ql3.4
S01.019 corin 10699 4pl3-pl2

12



pr ot ease,
199g13. 41
W@ epiosiase

serine 3 S01.081 kal likrein hK15 55554
(Hono sapi ens) S01. 085 Mernane- AA031
(deduced from ESTs by MEROPS) SO1p@BVS2003/031719

menbr ane-type 84000 11923 nosai Cc serine protease
501. 088 Mer name- AA038 pepti dase 501. 098 Mername- AA128

pepti dase
s@nbz PRSS]

ca
(1
e

se
14

(p
50

ar

(deduced from EST5 by MEROPS) 501. 127

(cationic)

kB0 dde1632
S01.131 neu

t rophi |

K¥ps1 N FO

ELA2 1991 19p1l

Nz eg8 Pl €Ns-

3q13.4

REI 3=

501

BEECAERTAERTSD]

dinag |l ect

#98hssoci af4ds3 .3

Fﬁ%oz%rotea§@?§m§o??T33

Fﬁ?ﬁep5|n

FE15G 1511

l__l 1.0

1l6pl3

.3

ot ei nase 3

Jad:, 620 UL

I l'(II\IO J

e EEpEkEs iR P

13 WO 2004/

031733 PCT/

2
133

U52003/0317

19g13
3.4

.3-

[ 5363 gr anz)

amlArdadA 30

hnzyme M GZNM@@MS@QE&S 3

protease (HG
activator-like
protein)

Dby 11- q12

3el1. 139

10g25.

3

501.034

transmembrane
protease,
gserine 4

TMPRSS4

56649

11g23.

S501.054

tryptase delta
1 (Homo
sapiens)

TPSD1

23430

16p13.

501.074

marapsin

83886

16p13.

501.075

tryptase
homologue 2
(Homo sapiens)

260429

501.076

tryptase
homologue 3
(Homo sapiens)

501.077

tryptase
chromosome 21
(Homo sapiens)

21g

501.079

transmembrane
protease,
serine 3

TMPRSS3

i

64699

21g22.

S01.081

kallikrein hK15
(Homo sapiens)

55554

19g13.

41

501.085

Mername-AAQ031
peptidase
(deduced from
ESTs by MEROPS)

S01.087

membrane-type
mosaic serine
protease

84000

11gz23

501.088

Mername-AA038
peptidase

501.098

Mername-AA128
peptidase
(deduced from
ESTs by MEROPS)

S01.127

cationic

trypsin (Homo
sapiens-type)
(1 (cationic))

PRSS1

5644

7435

S01.131

neutrophil
elastase

ELA2

1991

19p13.3

S01.132

mannan-binding
lectin-
associated
serine
protease-3

S01.133

cathepsin G

CTSG

1511

14q11.2

S01.134

myeloblastin
{(proteinase 3)

PRTN3

5657

19p13.3
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501. 140 chymase (human- CVAL 1215 14qll.2 type)

SO01. 143 tryptase al pha TPS1 7176 16p13.3 (1) 501. 146
w@e@anyrTes K GZMK 3003 5q11-ql2 501. 147 gr anzyPEI/BS18Ewh31719

2999 14811.2 501.152 chynotrypsin B CTRB1 1504

16923.2 ¢g23.3 501. 153 pancreatic ELA1L 1990 12q1l3

el astase S01. 154 pancreatic 10136 1p36.12

enfigpEPIs daSe| Erdnfne HUL. INEMpaANCT eal] 55003036 1251 q12
el astias® 11 (| EApzydeOd. 156] @ntier opept | dase PRSS7| el 3
21¢2%-1801. 157 U’I‘imtﬂlﬂy‘plﬁ CMEL 11330 1| 128361. 159 | 14qii.2
pr st asi-nPRSE8YHSE5D 1Rn11 501160 kallikrein1
KLKT* 3876 199! ?ﬁfé’tﬁsfs jpha s“ﬁ?siﬁl kal | | K& n hk2 |aRS -2
38 &t 9Bt 3 . 2= [ (FHIRSAPT ENSdznl 13-4 SO0[5 562 kal 1 kg‘g@_uéllz
3 KEK31854 19¢dhndymegd 3. 4 |G 174 NMESOGBYPSI N PR9S3L .2
5646019p323 501 ciHodtuyorpl BnetRBDF 1675 1594 f act or| 19g23.2-
501.192 conplénent CIR 715 12p13 conjponent actihgBed
d t°%o1>3103 C(P@g?ﬁ?h‘f c19 56 12p13 YSfponent | 12a13
. o~ SO BLaRe 2= A na A
aCltgyadi &0 Crs Phbydatdc COMTP ement—C2 THo1 9Pz Lo 1p36.12
endopeptidase E
(2)
501.155 pancreatic 63036 12
elastase II
(ITR)
S01.156 enteropeptidase | PRSS7 5651 21921
501.157 chymotrypsin C 11330 1
$01.159 prostasin PRSS8 5652 16pll.2
S01.160 kallikrein 1 KLK1 3816 19g13.2-
gql3.4
S01.161 kallikrein hK2 KL:K2 3817 19gi3.2-
(Homo sapiens) gl3.4
S01.162 © | kallikrein 3 KLK3 354 19g13.3-
ql3.4
S01.174 mesotrypsin PRSS3 5646 9pl3
S01.191 complement DF 1675 19
factor D
501.192 complement ClR 715 ) 12pi3
component
activated Clr
S01.193 complement C1s 716 12pl3
component
activated Cls
S01.194 complement c2 717 6p21.3
component 2
S01.196 complement BF 629 6p21.3
factor B
501.198 mannan-binding | MASP1 5648 3g27-g28
lectin-
associated
serine protease
1
S01.199 complement IF 3426 4924 -g25
factor I
501.205 pancreatic ELA3B 23436 1p36.12
endopeptidase E
form B (B)
S01.206 pancreatic 51032 12913
elastase II
form B (Homo
sapiens) (IIB)
s01.211 coagulation Fl2 ' 2161 5g33-gter
factor XIIa
501.212 plasma KLKB1 3818 4935
kallikrein
$01.213 coagulation F11 2160 435
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conmponent 2 S01. 196 conpl enment BF 629 6p21.3
S01. 198 mannan- bi ndi ng MASP1 5648 3q27- 28

fa
| ect

ctor B

in

was®eossed serine protease 1 501.199 conpl eP€nUS1083/031719
3426 4q24-9g25 factor | SO01.205 pancreatic ELA3B 23436
| p36. 12 endopeptidase E form B (B) 501. 206 pancreatic
51032 12913 elastase Il formB (Hono sapiens) (I11B)
502 coagutatioy /L2 26T 5u33-qter factor—Xa
501 .s2121pl asny KiBI:i3818 435 Kal 1 Kesdsn 501, 2[&27.1-q27. 2
coggul ation FJ¥a@p@80rx4q35 14 WO 2004/ 031733
PCT/SUSZ@E)SI 0317ePulidetor XFa 501. 214 e¥agul at i opl¥o4
2158 ¥%g2 7% qg‘ﬁag’mrﬂg&?cr X5-S01—215cpagul-ati-opFL
21'=E)s ﬁ% 54 f ag Qf_r 1a 501. \jéol6 coagul atton Fl O Zi‘%’é
1303;41.2T1actor )&aro'w:ln zu tnp@rml N FZ 23ds 1T pIiT-(ldii-qi2
501.52181pr ot ei|pr&<PROC 5624rRgl 3- gl 4 | baet | vat ed) 2q13-q14
501..223 acrosi{negcred) 22ql 3- gt er
S01.223 acrosin ACR 49 22gl3-gter
S01.224 hepsgin HPN 3249 19gll-gl3.2
501.228 hepatocyte HGFAC 3083 4plé
growth factor
activator
S01.229 mannan-binding | MASP2 10747 1p36.3-p36.2
lectin-
associated
serine protease
2
S01.231 u-plasminogen PLAU 5328 10g24
activator
S01.232 t-plasminogen PLAT 5327 8pl2
activator
501.233 plasmin PLG 5340 6026
801.236 neurosin KLK6 5653 19¢g13.3-
ql3.4
S01.237 neurotrypsin PRSS12 8492 4g25-g26
S01.242 tryptase beta 2 { TPSB1 7177 16pl13.3
(Homo sapiens)
(1)
501.242 tryptase beta 2 | TPSB2 64499 16pl3.3
(Homo sapiens) -
(2)
S501.244 neuropsin KLK8 11202 19gl13.3-
gl3.4
S501.246 kallikrein hK10 | KLK10 5655 19g13.33
(Homo sapiens) '
S01.247 epitheliasin TMPRSS2 7113 21g22.3
$01.251 prostase KLK4 9622 19g13.3-
ql3.4
S01.252 brain serine 64063 16p13.3
proteinase 2
S01.256 chymopasin CTRL 1506 1l6g22.1
S01.257 kallikrein 11 KLK11 11012 19913.3-~
gl3.4
501.258 anionic trypsin | PRSS2 5645 7935
(Homo sapiens)
(I1)
501.291 LOC144757 12gl13.13
peptidase (Homo
sapiens)
501.292 Mername-AA1l69 4gl13.1
peptidase
501.294 Mername-AAl71
peptidase
S01.298 Mername-AAl74 154754 7g34
peptidase
S01.299 Mername-AALl75 8p23.1
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501. 224 hepsin HPN 3249 19911-9g13.2 501.228

hepat ocyte HGFAC 3083 4pl6 growt h factor
wGR4A20933rmnnan- bi ndi ng MASP2 10747 1p36. 3- p36PQI/US2003/031719
| ectin associ at ed

serine protease

2

501. 231

u- pl asm nogen PLAU 5328 10g24 activator 501.232

t - pl asm nogen PLAT 5327 8p12

acti vat or

501. 233

acti vat or

pl gsmN PCG 53 017236 TeurosimKEK6—5653
19gXs1 300913 &%udizrmur LKy PSI N PiR&ssbZ 8492 | 19q13.3-
4925- 926 501.|z2a¢ndtryptase (beta 2 TPSBL 7177 16p| @334
(Fknh cnnlnnc\ qwxme 501. 242 tryptase peta 2 _TPSBp
644§@1f€513 3 i “h%iems) (2) 5019%44 neur op&diA-
KLK8 11202 19d +a@L3. 4 501. 246 kal [ikrein hKI D
KLK10 5655 19 ﬂgmﬁﬁsmﬁkbﬂD sapi ens) 501. 247
epijtNei3casi n TPRS8Rasp113 28y22. 3 S016&B1 prost pswer4-g25
KLHEOQGQQ 19913‘.""31-ik@q.i3 hKA3IBEHKIZ52 br ai ACO8Eri ne 6A0RR9.3-
16FISﬁ \.é I UL i nn“% ') \%81 256 r‘h“YIIIUP( si-n rTl N +:w€'4
16455 17 501, 280 RAFTTKES! h 4P KLKIL 11512 19913 G
glE. 4 numbering)
S01.308 Mername-AA035 164656 22gi13.1
peptidase
$01.309 umbelical vein 11098 1igl4.1
proteinase
$01.311 LCLP proteinase
(LCLP (N-
terminus))
S01.313 spinesin TMPRSS5 80975 11g23.3
501.318 Mername-AAL78 1
peptidase
S501.320 Mername-AAl80 11pl5.3
peptidase
S01.322 Mername-AA182 12pi2.1
peptidase
S01.414 Mername-AA122
peptidase
(deduced from
ESTs by MEROPS)
Engineering proteases.

10

15

Virtually every aspect of a protease can be re-engineered, including the enzyme
substrate sequence specificity, thermostability, pH profile, catalytic efficiency, oxidative
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,
membrane type serine protease-1 (MTSP-1), chymase, neutrophil elastase, granzyme A,
plasma kallikrein, granzyme M, complement factor serine proteases, ADAMTS13, neural
endopeptidase/neprilysin, and furin or combinations thereof. Preferred scaffolds include
granzyme B, MTSP-1, chymase, neutrophil elastase, granzyme A, plasma kallikrein,
urokinase type plasminogen activator, granzyme M, chymotrypsin, thrombin, complement
factor serine proteases, ADAMTS13, neural endopeptidase/neprilysin, furin, and plasmin.
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SO01. 258 anionic trypsin PRSS2 5645 7935 (Hono
sapiens) (11) S01.291 LOC144757 12813.13 peptidase

W@ Mpo3gapi ens) SO01. 292 Mer nane- AA169 4gl 3. 1 PCT/US2003/031719

pepti dase 501. 294 Mernane- AA171 peptidase S01.298

Mer name- AA174 154754 7934 peptidase 501. 299

Mer name- AA175 8p23.1 15 WD 2004/ 031733

PCT/ US2003/ 031719 peptidase SO01.300 stratum corneum
KPRTmyBEts of gabstrats sequeeerpesiiniiydn gariie proteases qomedionm &g £1-S4

t L=l 94 g it

Ry o B0, e e e BOE T o AR Vsl s of e
QEPHiGOBbRAE jeknaicnr IncdBe Kby, 3he26 38111 @fphY) BterapliOn Uetween the S1-

S0 LT, B AN R0 Rk By
pepteshadiag t3iiud 08 therpeptidecabstiaei saqukhOiBddpbadost df the other pockets.
p'{“l?uts %%ens%ggﬁagrlde%%r}lin%% ?nag l’bg tgglierr]eﬁﬁrechaxgg%glfnpon(el})l-ocket 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
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
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
sequences. The member with the mutations that allow it to cleavé the substrate sequence is
identified. The library is constructed with enough variety of mutation in the scaffolds that
any substrate peptide sequence is cleaved by a member of the library. Thus, proteases

specific for any target protein can be generated.

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;
3) the profease 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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term nus)) S01.313 spinesin TMPRSS5 80975 11g23.3
S01. 318 Mernane- AA178 1 peptidase S01. 320

wORMASIE3AAL80 11p15.3 peptidase SO1. 322 Mer nBOBEUSAIBE31719

12p12.1 peptidase SO1.414 Mernane- AA122 pepti dase
(deduced from ESTs by MEROPS) Engi neering proteases.
Virtually every aspect of a protease can be

re-engi neered, including the enzyne substrate

signabpgroispeer 4 eyiokine. Theaesidyss Bial, npanymutptipny pfdgct the activity and

%gécfﬂicﬂy' dt t\?éz) %énﬁhgsr}ﬁ'&af% 5s\é§are %escciﬁﬁgﬁ llléré yPre%ﬂi%l there is three
talytic function. Existing proteases are use S

shmérseindbstmybiush inferolatioe foy ghej pmxsascrmaazmle&ﬂts Adp, this preferred that

%ﬁ&@g kﬁcnﬁé e 0f %tlﬁlalﬂesuﬁs?r%% é (f 101 of ﬁg tg sgs t‘%saﬂso preferable that

l'argel'y ciiide SPds {

dhg/ptoteageﬂm antlva&mldstablelzs vzw,o ahﬂ] thatrhlolwlectgb aﬁnmnpmﬁhcalmfmodulators

ur oki nase t
St e RS B vt DUBE P e o il e et thatae
alelasatm&affepmammgwagl1ﬁhcu&ﬁ1n@féaélaraﬂ’edtmpef§eelﬁdmsgej
protease-1 (MISP-1), chymase, neutrophil elastase,
granzygﬁ’@”%f’”"iﬂg%fsrm kal I'i krein, granzyme M conpl enent
f act ol &@fihed 8mB6RBRATT $he NI, sdrthe PAGHHs8d with altered specificity are
endopept i dase/ neprilysin, and furin or conbi nati ons
ta%?réfs# by pelgucijrpbased éa%tgrbmgoaph dHaghyprotegsedias ¢ gesieg of amino acids

W§ﬁ"‘n@ the%@‘wgas?t@ poa@c’ﬁjllfd%ehdeld1r€ét%§ﬁt§@t%v1thgﬁ@§1%¥t%e A¥hroughout the
pl asma kal li krein, urokinase type plasm nogen

FRYMOBYRSM fa@ﬂlﬁﬁh‘i/h@kmﬂedﬁqurwwwn thetpibstigierand enzyme are
H‘?II sérléecf @ﬁtt 8¢ sid€ Eﬂaﬂfmféhﬁ{l oﬁgé%gﬁ?' %lﬁou hout the
neu 7 %

opept| ase/neprilysin, furin, an
Ifamin Mﬁmﬂme panogsEe 681 @RIpris®the [Sétselmq:i:kﬁquh@afctwe site

S&é@‘?ﬁl ,n%g fhe §ﬁ6’s’t+%? %@ejﬁﬂsﬁg Io].‘f h%%é}%duﬁr ﬁéﬁep 18{31:91% %1?6 a%’?ino acids of one

cone fromt e activersi
vdaéneaprbtemepto anaodles of the same fndthaahﬁew}le bpet:ifmt?fhf— m to the other. For

e§(§1m fé 8{at16n a% plogfgt b&](ﬂ tﬁ u an9(3 IE’l-ll%lel’lo acﬂ Ié ﬁl‘S a

case ere erac 1 on
tlhefeﬁihee ﬁﬂlam@dﬂyéﬁo@h@iﬁc tekiduasdh ttmé’Zsubsar,atewmhoﬁ hﬁﬁlnmtsl'process of

T T e T AT R ——
Sﬁﬁtbﬂ&ﬁb&rate@ﬂ&ﬁﬁcﬁﬁ@ﬁbwﬁﬂs ploimtineived dd#hetafious dfd&hls*:es t he

D e o Dl o B B er el CAeIet B ey
QshhiRlsed@fideting structural homology with chymotrypsin. The actlve site residues are
Asp102, His 57, and Ser 195. The linear amino acid sequence can be aligned with that of
chymotrypsin and numbered according to the B sheets of chymotrypsin. Insertions and
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

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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For exanple, a protease with |ow specificity for a
residue at a particular binding site or for a

w@aooosuBar sequence is altered in its specifiPRCT/yS1vg3/031719

maki ng point nutations in the 10 substrate sequence

bi ndi ng pocket. In sone cases, the resulting nutant

has a greater than 10- fold increase in specificity at

a site or for a particular sequence than does

vﬁeﬁme rpryfseses (whictorsoedmize andrpoottiolyaa b farget geptids bhsed ng a B-sheet
%a&% of ?he%ﬁgs%ta%:) tfug @ﬂmg}po(}’p@&éa%g dbgt ﬁcﬁ‘chgve well deﬁned pockets

specl |cty at a's rticular se

tﬂoasubsl%e;rewéndWy dbe niam sabmtealeccgﬂtbmd iotaind at tltem% amino acid,

(ﬂgm‘ll;rede g et 1Q00-fol d increase in

%IBP%I?CI e Bl residyg ér&}}e ¥yFa&)parti cul ar 15 sequence

t han dbes2pbii@t isyiRemosbbdertioe M(Edwﬂ dhbRteRjediof he protease substrate

i nventi on, ar I | br ar. of .scaf g]e th vari qus

AT T §1test defined b% a’&ag’cl%ac q?gpeﬂ @osmons (papain

NiRintRHSz)KEw o, 68”133h €5AN 60 ARrchosh ?Sﬁtl&ﬁ(@ 184 ak8lk Sifilar to position
Libraries are screened to ascertain the substrate

sl die Hie serinjsauptpases- pyesiffue prEeda fisdiogtom of herpeekes thapdetermines the
spadifighyds are tested for specificity by exposing the
menbers to substrate peptide 20 sequences. The nmenber

wi t h tThe swhstrate isepsificityi af a awmbsyof eysteineiraieases (hivaan cathepsin L, V, K,

SS“?*‘SBr glnsﬁﬂlé?l%ﬁﬁl%bvére gfﬁéﬁ ﬁsﬁl&ﬁqj?om%@ hfvglé@ﬁtyslﬁo al scanning

condtructed wt ough vari et tation
mfﬂlﬁm embiikagnrial hlmrys(BS)é‘CMt Ehpmptpladelilyeryvensds ofsPl P2, P3, and

S ec) %@gt@c? sﬁbgﬁ[@ ?‘[WHE pos t]BB Hnbia tg)[eéﬂé%hﬂ@ 1% o%lias %E%e positions

or any pr oteln can
TherdRdovesbwith e@ams]anglmr&dﬁhmﬁjpdsﬂb]a rannﬁuexmds giving a total

t.he i ntion scaffol d proteases are
‘ﬂ‘gesr%{ﬁ’ usﬁ%(g{)qo tetrapfa%?(ﬁ uﬁﬁé requi renents: 1) The
pr ot e d»erallsP Bspeitfinity @as dimostadendenl bét@/bﬁﬂﬂhe cﬂﬁeﬂéi&h@vw}th Arg and Lys

te b | at.ed
SRS e PSR R S B B8 P 5o bRER s e
it idseyvadsundan tePReositoh, hﬁbﬂtﬂé mgmmsdamepdinsrveéraﬁmw $lective

hi e Sina SUI abl e he proteas

PRSI0 e e ieting 17 soe Sl Tonbo oMbl pesiues was

I cﬁweécsbewéeﬁﬂamnmk afrfdo acfle GRSMNs PPe, TR 208 ey (combadi Erw)t #nd bulky
he inventjon, the scaffold protease to be nutat

cﬁh@ Regming F5id5sBASORAPT by (PRstRBIngse s B rarnased 9 the-ﬁ% Rosition,

E%lcb @GR! at e @3 pBEIRGEWES dighifidafifly ﬁ%@dﬂ?ﬁg%nt HIRGED REral 6 the
17 WD 2004/ 031733 PCT/ US2003/ 031719 nal i ng

prefeesehshowed a disfiac prefeency fe nrelge &%@pslﬁ > Ss eu&mpam), leucine
%ﬁtﬁéﬂsﬁl@), &f afrﬁﬁitne tcﬁﬁleﬁsqﬁ SVdrﬁ%urﬁn?\he %Qéefs %ﬁﬂg&‘eﬁ bﬁiadtsf%alﬁmty at

I"i'es "of scaffold proteases’are escrl
Ph@?‘ép%m}l; asTioeane amgnotagidewes seliestechavepndbrsst r uct ur al

i nf or r:gt%gpdg% e%g;ﬁ)%o%z @tegase is available. Also, it is

preferre € know edge of the initial
subst rlatmaks peeiifnt pidteasoWith realipraltsebgmte re¢oghmion pmdile, the amino

P e that 5 t a ve .and sta
R 31 B8 e e Sui B0 b B P R By e
cxietdrﬂnmams):ﬁreas@tﬁrfer Iamagdnasbé eFor Mleeringprofeasds @amafods structures of
eferre eaye t ets that are relevant
S R B FrteDg T Ve syToed raRer iRy B feprded substate
espbaaeiH (WARE epal, B cBeHistrp200 1NRud Y M 08 R5Q9038-46; Hopfner ef 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

19



I n anot her enbodi nent of the invention, serine

proteases with altered specificity are 10 generated
Ww00a/03t7831Cct ur e- based desi gn approach. Each prPCBEES®03/031719

has a series of amno acids that line the active site

pocket and nmake direct contact with the substrate.

Throughout the chynotrypsin famly, the backbone

i nteraction between the substrate and enzyne are

cderephintmes for varss prechsesaut listéikindiablle 3cilengwiting Hstagtof dreemino acid

555 YRR e et e bE 6B et et o serine

tphﬁea%é‘d, thefolidwifig dmindatids i tﬁeﬁnﬁlh@ s&qubfideragd determinants of specificity:

85 l0bud (el g iy 903h BECEz36 Tt . Agpom heswean 58

%ﬁﬂ”@4 faﬁh do myi f92e317% heg @RE &hd 1067 betwin BRE6E MAlAIR180, 215 and 97 to
ot her’. For exanple a mutation at position 99 in f he

390 @fBket to a small anmino acid confers a preference
for | arge hydrophobic residues in the P2 substrate
position. Using this process of selective

nmut agenesi s, followed by substrate |ibrary screening,
prot eases are designed with 20 novel substrate
specificities towards proteins involved with various
di seases. The serine proteases are nenbers of the sane
famly as chynotrypsin, in that they share sequence
and structural honology wth chynotrypsin. The active
site residues are Aspl02, Hs 57, and Ser 195. The
linear ami no acid sequence can be aligned with that of
chynot rypsin and nunbered according to the (3 sheets
of chynmotrypsin. 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 R sheet manner. Up to 6 conserved hydrogen
bonds can occur between the substrate and the enzyne.
Cysteine Proteases 30 Papain-like cysteine proteases
are a famly of thiol dependent endo-peptidases
related by structural simlarity to papain. They form
a two-domain protein with the domains |abeled R and L
(for right and left) and | oops from both donmai ns form
a substrate recognition cleft. They have a catal ytic
triad nade up of the am no acids Cys 25, H's 159 and
Asn 175. Unlike 18 WD 2004/031733 PCT/ US2003/ 031719
serine proteases (which recognize and proteol yze a
target peptide based on a (err)-sheet conformation of
the substrate), this famly of proteases does not have
wel | -defined pockets for substrate recognition. The
mai N substrate recognition occurs at the P2 am no
acid, (conpared to the P 1 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 pl ays
arole simlar to position 189 in the serine

prot eases- a residue buried at the bottom of the
pocket that determ nes the
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specificity. 10 The substrate specificity of a nunber
of cysteine proteases (human cathepsin L, V, K S, F,

w@00papeash, and cruzain) were profiled using aPCDOpioe3/€31719

di verse positional scanning synthetic conbinatori al

l'ibrary (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

afable dnHlamytrictuny dﬁe@qmalltsm variows seripecandgiysteine p2@teases and their

possi bl e am no aci ersity of
160, 000 tetrapeptl g‘Z"’% aﬁéglﬁgg %/@érpaﬁhcgiﬁ%

"p::,. +Gt t}' ‘éﬁﬂueam-b’eﬁ»meswcwmtyc‘:' b :‘:’3' e FSubsHE,es’Eec,ﬂmy
catrmepsTigs,— Wt ||| ALYTRNO LYy ST e gg—St ﬁng Y4 ‘v'IU| '
Wil |17 ) 1a|o 2158 °_" L Iz1g a7 I sh ')6"5.‘13'9( Pog a5 vt ol erat up'4 I}:/:l;""lplz P1
of [the Isel ettty was If oderl "0 "t RE 92| poisi tidn,
copRar sl VHS himmi il rahilie [eol ey bpder ) semaptligg oe | x [
e |l nan 1 bl sl s 7 i g ) (SR | v (5[~ [ v
GranzyrneM ér? ‘SierC iMl IPh? O:rs Le;”_ ArP\ Jlﬁun”:ls :arél\,! au P! _\@é 2 anﬂr‘ekii d A ;Z‘:
Ca‘"e"vs‘% e b 1P bl el Barhbiddt i lelan: b [ pnd ?‘\}‘F"’s'"eéﬁ?ﬂ Tepe | G
wrsi th” BRI L A LS AR NE " AP BhiadY ﬂ“—;ﬁ ags"éniﬁgﬂé The _@23_
Smend hs Val Yo °LEl | FEhrHand it oK) S why | Copmagadtes | o | Ao
“rtthe PR3 i loh, bed e et | j fy saf At P po e X vas| * |5
Te'l"i'y?}‘lilfﬂ' Padnt Iy Pegy |8t ?“l dge h* | A SRiehAEr Y gever al pf the
B oo *eabdd™ showEd @k st ° nrief & eHge fior|_proline
W o217 'iljj Ml B 1 'Bnde qTﬁr;’i’F 1)91 Arabici He * (ca hPJh i n B)
chymtegei | TP oA MR "o Bt HERST WG ™ of YZAil i) | Y THS | pr Ol BAYes | X | oo | 1o
St QB P AT s BeldIHLME | 'y Mag 128 fial P4 Posi | EBT | vad sapl | A
consogsgd v el L gt bese [aa by o e mokmd s | I€UB S atle wo
Factor Xa Se Rhe, |-Me Tr 13¢ | Gn lu T 5 es :
Prot I;‘n?c%g Alsnt IMeé 1Tr: ‘IOf Zu\ §Iu -!:ér .r?lﬁ.“% %L%}—I—Garfy Fro‘tjélél:éh m fm = a
Ao ereeH SibEt a8 r EadgniitiBn brUfi'Te, the amino
e 55 " Rl Byl A LS SE DHAP SO LR e &t peaitean | | ¢ T | A
asmin Glu rg Glu (5] 5 Gln Le “Trr’l‘-| 11OQAp ;\e G‘I yes 3; n = Lys: re Lys
O o TSRS i,R LRELTEbpLnal o gah B Viey (SpRERHiEH Ly, o
e & TR ST AT at PSR O THI BHENES! Sk = te 1o T
e T LD P JIOT £AS 8S|, a1 o TUTEL QUS | SR TLTINES yeQ| BT grf e 18 | arg
~~upmnmi€rs§ maV{ap deflenE’Qg IJIE surT AL est B |QeUEPS ”Lélt x | Thr o} oSer a4

Ser Ala

10

15

o B RATEIR L B AR5 O T 40 B paEB O s g d e gases, and has

egreﬁér than 5904 idi@ﬁttt_l’/a) ds_tﬁérdnéﬁﬂfers IR e Mg me 5&Iﬂﬂ}81)110ﬁ8ﬁg Sfinzymes C-
rich et J Bi rH 002 Jan

zéﬁ%epﬁagoa Tt R el IOEPSG > TagiPlick 2 BPich 98 tp s stranded,

Sei-phkadikl g@gl‘re'i)iomghﬁ B6nbEted bylPshOR 2RAA! B EBlytic triad is composed
PCT/ US2003/ 031719 determ nants for various prot eases

atferspl &, Bes Yramiler 1953, Thalsuuiepe Jhaph atg umbeted gcqwfdmmte the additions
?%fdglgbg?ﬁs eﬁl ’cos‘(%,l Qﬁ}ﬁé &%&)B&égﬁ? Legalrétﬂs@ grir?iosq %narb e reglons of this

seri
pitotesd ﬁﬁr,ulyt I‘i&le fdeﬂehmmmgofasp'ea‘nﬂmamrdéeﬁnad bnthe plﬁrbdfm:menswnal

sequenc re dete mnants of.s
SRSt e BT Py B T BRFGQITHY, ¥ pagromalggiihivior with
(Psubstraetlikd birdih@op b%ugeea abNfu@ rsdu&malo@n dhR s(rﬁ’&hnal
1 2 217 18 {@ng %lg 5V§ 168 and
sty oty nelde Ul Resaph. Sotip Botiar 881 7a3en1 7, Areazs,
P&Hﬁ@ﬁi@g 84 OBAdEB psin numbering. Interestingly, the other members of the granzyme
family of serine proteases share only two of these amino acids with granzyme B. They are
Tyr 215 and Leu 172, two residues that vary very little across the entire structural family.
This suggests that while the sequence identity of the granzymes is high, their substrate

specificities are very different.
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Tabl e 3. The structural determ nants for various
serine and cystei ne proteases and their correspondi ng

wGeaiwenssE specificities. Residues that Deter mP@EUS2003/031719

Specificity Substrate Specifici ty

L . ..., s4s3s2 sl
Ir 1ai 6 O 171 174 160 215 COy:iex 192 218 99 57 | 00s
189 190 2R6midy dezoleff tHeg: #Rindicidsvin I@x@ydedl spenﬁc(ﬁyaﬂe%fr)nérgl 92,

B, L T Tyr
és&% E%l?%lr"%/ret é’rwta}e%{&g 6 aglg%acurl al&mﬂ\s i t ¥7af S%I%‘Illl%ﬁlqgat 11e99
Iconiibitek &UP2ApECititisy, Asrﬁsl[ﬁ aﬁ&tAr@QlZ ty BB specifiaity, \an@ TAr174 ko B4

Al a hy, Val ne M Arq.Ser. Mt Phe..
RSei( g B P A B Lyt C Rl Rt ooy to
NRtermfadtthd ¥rRet Jf tfe ﬁﬁlﬁh&%n @teﬁhda_d/ dpedificiky SimRrthd P1 épeb'llﬁﬁlty ofa
6 AA aA ad si.n, G X X Val Phe Lou

NAFSSPase repReFeTd Fhewé&lonfw ﬁf ’EE%SP@“ﬁClﬁé &em@fﬁﬁagoa%dow g py unique
Qp¥cinGs, d\fqﬁzﬂn@ﬁgomdssﬁf asﬁfngic abid AinbHeids b§t Ihedﬁ:lz{té’ ﬂﬂ:biﬁcﬂy in
Neutrophil" r9 @ n Pro sal "Elastase - - -

th;/f=7F1f@Jtlsil<3M’%‘5015‘1 gey. Val Asp Yes El astase I\/Et GI u AI a

Ata @6}1@3‘%@? B4 Gl t%, Hlu@’i%s]a% Tg%'lgm %;g}ﬁ“&d'is%zﬁs (ﬁﬁ?‘not

Ala Ala tase Tyr
Mignifigaptl 2ffécy ﬂle @)eu:lﬂiqﬂy (FiesTableAs bd@&) SGMAwegeztses thg aqtyvity

Y, | |

Cg%val%g ielI %{e Pt4a{i.\?t t %gt eorf%? ﬁ1 xﬁ &Rﬁcgqﬁ‘{ﬁe é(gkefs&o%r Qlec?ﬁ& R192A and

I—N%l 89\ Btﬁknblsedlen@wsppelﬁcmhgt@é Isyeed phia afrqmg&rajem far glutdBic acid,
erert G]\[l_,/;raag Sare égél a&l?%%e g 1¥ ?}&mutﬁ O&“ﬁ%@\:&ﬂffl w\/@yle(lkﬁa‘r/Km) of

HIhS mllﬁmﬂﬁ flesSettan ED% bérsy tha siild Ity}ielactivn@d tewarduan /Megl Wwildtype substrate,

- HENE e eme Do tinia piin eSSl Telp AT 1

G n G AImhyK motesdr@mAseribEs Ghsyrve st thaPl afbsia(S¥e Katk y, below). In

Nefla s Seapoece, 1Bt BETHeEmvg s ) Ytk SRy Prafarey O Pg TBsies. 199A

Hhasro¥d (RS2 sﬁ%@ﬁ&ky&o Phe BAEByReditings. Phe ishowdpreféfre®hdarlly 5 times over

es Kai ~
ythe average act1v1ty o% other amino acids at this position. Within the chymotrypsin family of

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
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
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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Pl asnin GQu Arg Gu Trp 15 G n Lou Thr H's 11 Asp Ser

Gy yes Pl asnin Lys X Phe Lys Trypsin Tyr Lys Met
wae@4031763 n Tyr Lea His 6 Asp Set Sly yes Thr opdi/nS2003/031719

Ile Met Trp 13 Gu Gu Lau His 16 Asp Ala Ay yes

Thrombin ' Pee X Pro Arg tPA Lau Thr Met Trp 15 Gn

Leu Tyr His 11 Asp Ala Sly yes tPA X Phe Gy Arg Tr

er Thr Set SPA His Ser Met Trp 15 Gn Arg His Hs 11

Asp Sea Ay yes SPA X S et Ala Arg G anzyne Bis a

menber of the fam |y serine
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Oy ocatl IIC'JOI II aATTu I Cll ma < LB 'JI T CTAS LI T
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His 57 angd Ser 195. |Ttee [surface | odps |are [numberpd | 220
agiagk i 1ag | e [T &e |agdi 14 O | and del[edsi [orRS F ERlg T ONo
a- lgziﬁy T YEw MRy T [EPr €S@Nt Ad NEPHa0 s [Var | [ady [EseF E&H PNRo

of |99u\ln Sleu StrUCERTS [T TAG T Asne Hiet afei T6ar|tay [Oder | Ag | No

H H £ Al |y |y 4+ L : : | 1N
sosR e T ar e gedred R R& U0 S TEeT i(‘s‘l)DIrB%I' AY No
ot ettty o [ +. OLK. n=zi.d 1 on o + o ot n
SNAHE t i T/ T & T8Ny D el [CHIPHR Wt TBy e T Re | o
[ I EPDI a rglnrrl 11 H |tq' \ t!n

nme ol ad 1 n hi

CNZTST [T Led | TP ] Gl Tyf] o a4 1| Arg | e |- e i 6 | Gly | Ser | Ag | No
&féﬁi"‘é\}ea. !T rkeGl”! i ng44 Q8P 2‘/;‘{\‘9‘“%1 & a!e' ' -J‘a*ts'ér FArg | No
Struct hln) THele st nuct m-nant's b
S BERY e L [ [ Teqd™ i od° |AEA g | Fyf SBR[
TORE74, " e 72" Afy228 | B Tyir "1 91™ by Aot Y& n™
nutfter]i By | APnt 8 dStilndgt ¥ A% héMalt Her| TrentPer|solf S hero | N
g HAZyinteY [ #alnii PY (¥ |sét il de POt leds s shdr d Hnl S 1 ¥ | ot
tIPPONE (dnt ndvracPg Wit it grignp Yire| B2 [Thfgy Sar|ePv15SeTyf9 2150
an® Ldu 172, {two |resi dueés that |vary very llitt] e hcross
t MezAdint ey @ gt r Glet|Uagl 14 arfild y Ala THe s Hisygdesit@y t$eaf Ag | N
WHi'd4e |t he [ sequende i{dentji ty| of {the [granzynes | s high,
tRIGEIN |Sleb$tTiralf eu [Spelciif i|ct | &b |arie ||y 6di [fahve $ent Ara P1No
W2182004/ 031733 PCT/ US2003/ 01719 Tlo deter|m ne the
role of these am no acids I n extended specificity,
I'1e99, Argl92, Asn218 and Tyrl 74 were nutated to the
anmi no aci d al ani ne. [fablgss Fdfeets opiSneeifieifiat | 1299
contri butesto P2 spemgl%e(a PPoMe18 and ArgIp2 to P3
specificity| and Tyril74 P4" specifijcity., Each
nodi fi ed proMuteste| w4 pf of PBed lusPRg h coRbi natlori al
substrate | | i@ty | {evd Jet enm e the Ehpect of |t he
mut ati on on[ewsENde@vBpPECT GuCl [y, oI Nt TRy PI
specificity Ulggpd P4 ERSEGL EPTESBRt S|t TEAggEjOT|i ty Of
its specifi ¢t 595}4 hersrothfggattonsydonotagestt{oy
P B 051 TR o kB e e e

O podul-ate gpect ety —4n—t
ext ended P2|t %4 Qllé/ﬁles Fﬂf: t he B% ahd PX subgi tes,
mut ati ons at._Tvril 0192 and Asn218 did not 10

2
si gni fi cant W24t =C'FN1'h; speciflicity [See™fabl d 4,
bel ow) . Y174K'PAct d5¥%s| t h&%act|i vity Asp
R192E lle/Val Lys/ X Asp )
Gin/
Ser
Y174A lle/Val Glu X Asp
ILeu
Y174V lle/val Glu X Asp
I99A/N21 Phe/ Ala/ Phe Asp
8A Leu Ser
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towards Leu at P4, but the rest of the am no acids

continue to be poorly selected. RI 92A and N218A both
whewadsr13z he specificity at P3. Instead of a sPeDOR003/031719

preference for glutamc acid, Ala, Ser, Qu and An

are simlarly preferred in the mutant. The overall

activity (kcat/Kn) of the nmutant is |ess than 10%

bel ow t he wi | d"Type amv‘mv*ry—rvwm anmrdeat—whd- t ype

substrate, 15 Na@RRUYievit F~ G- PIo=Rsp=AMC A5

(7-am no- 4- nethyhgoumarin) (éw- &PD AMT). A nmuch nore

dramatic effect is ¢observpd &t e P2 subS|te ( See
Tabl e 4, bel OV\)R19255/N ngljvi|u tyn:@ anz ytry B; AE he

I
t
Ot
preference is |bragad|with p sjight preference forf Pro
residues. 199A narfows the K2 specifigity to Phe and
Tyr residues. Pheits—nowpreferredrearty—5-++res over
the average activity of other amno acids at this
posi t i onFrop Tbilas 4tahéS,dheydvrmippss of spavificity sadcted@o BeedlicRR@ in rat
Pr otLas6s z r gl.eas aye
re3|g3ue 28 By |a§f§{ag’gcsféﬂl?g’lﬁsnl fis ei‘?%gg’ gﬂlﬁ)’ﬁﬁbl’mng’
as paktagioner 58eGlyfit Serohleysiii, H@z, Admm,i Ih99,(§}*1n2§l7yz€sinm§8, Glu169, Ser170,
ro I ve been [le .
ot g B ok BEIEIAER ns Y s IERIR]  chigFotypsiny Lyai 2,
kal |Aﬂ@i’éﬁ AyE A Pp¢1a§n$sm)76 me,metlm sAth%Ghnsm Tel181, Tyr215, Lys97,
prefgrenaes LvRfds Phe and Tyr. These two results
suggest 't hat any serine protease that is nutated to
an Asn, Berthe gysieine gyofeasss, thy aaning acily s¢ledtasiio BOmedifitd shilews well
the d%&n%@&‘ﬁh@gﬁﬁ&lga %thméé? Q&écilbé:én'ﬂ%esft %%tebgedpclf ai%ﬁaotease substrate

kal l'i krei.n, plasm n and A granzyne
19he Terogmitien Hisei Tt defined R ﬂpzmw@em atdher follqrangsthreie dimensional

may ﬂéﬁu&i&@ﬁdﬁgﬁ%ﬁn&rﬁl@ﬁ 66,%9ds! ?ﬁ&t 15’79166%‘}1&%9 Bo@Ah 205 plays a role
substr %ﬁ%ﬁ pref erence. Near ] y t

chy B! oifipp [ § 18 Bejsere Pb)rtf@ﬁeéaasfé@dlﬁ‘d\}‘éechﬁ therbotiern pthe pocket

am Akat detbrchigds ﬂ&@?éciﬂcﬁﬁ 99 omEWSClﬁkfltyHQ%ﬁnaﬁfsoﬁaa&Qﬁe followmg
have been, 3 |Ied using combi natori al substrat

i brPAoAsids Fred Peg Ao Eﬁpalfl} 84 Q(BY: B a%mwe(ﬁl)

1&ctivat or, urokinase type plasm nogen activator, and
menbr an e.serine protease 1. Al but granzyne B
have a Sf‘é% g r Elifcgér “FB'FB&ST‘EF‘HE”“’@ HorciapiausGystelne grtpases and their
am no acids at the sclrsdspaideng suBstRAS fetifibities22 WO

2004/ 031733 PCT/ US2003/ 031719 Table 4. G anzyne B
Mit.ations..S4.S3 S2 S Mut.ant. . 171..174 180 215 Cys 192

218 99 57 60' s| 189 Pl Mg Spec bl |Lodp 101- 18@Bst2preciticity

W I dt vipe1'eei*Fyr s&l u| Tyr 142Arg Ash llse H 3|6 Q y[ Sel

Arg Nd s 199k ey Twr| G(Ys. [Y4 %4 Arg_Asn [Phe Hs 6] G

Ser_Arg No. | 190A | e Tyr "ai U U1 Arg [Nh Ala H B P | P2 | P

@y SelItisAmy | No | ol POK duguis Ty | 6 [wallyan | 1A |Apd | Aspnllys | « [Ty | o
p 4 A—1 - = - a-A A A

C:j:hegsln Ei ?ysz H?;'I/}sn gélrg GR)I/?GGWI AIJe-lt /E\eu l_gy A]IaylGlnk-1 Lgl/;l }\sp cJa-l?eps{;\\I/ X gt(o Tr;h‘l;yr X

CathepsinK | Cys | His | Asn | Asp | Gly | Gly | Ala | Leu [ Ala | Leu | GIn | Gly | Asn | | Cathepsink | x X ";e” ’L\’g
ro ys

Lys
Cathepsin§ | Cys | His | Asn | Lys | Gly | Gly [ @ly | val | Gly | Phe | Gin | Gy | Asn | | Cathepsins | X A)’(g Vah'ALte” A!g
€

i Tys
Cathepsin F Cys | His | Asn | Lys | Gly [ Gly | Ala | lle | Ala.] Met | GIn Gly | Asp Cathepsin F X X Leu Arg

Leu val Arg

Cathepsin B Cys | His [ Asn | Asp | Gly | Gly | Ala | Gly | Ala | Glu { GIn Gly | Gly Cathepsin B X X L
ys

Pro val Arg

Papain Cys | His | Asn | Tyr | Gl Gl Val | val | Al S Gl
y y a er In | Gly | Asp Papaln X X [Phelyr] Lys

Arg Leu Arg
X |Phetyr| Lys

Cruzain Cys | His | Asn | Ser | Gly | Gly | Ala | Leu Gly | Glu | GIn | Gly | Asp Cruzain X
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N218T Leu Tyr Qu Tyr 14 Arg Thr Ile Hs 6 Gy Ser Arg
No N218V Leu Tyr Qu Tyr 14 Arg Val Ile Hs 6 Ay Ser

woe@4MB73R192A Leu Tyr A u Tyr 14 Ala Asn || e PEBHUS20E/§31719

Ser Arg No RI192E Leu Tyr Qu Tyr 14 Qu Asn Ile Hs 6
Gy Ser Arg No Y174A Leu Ala Gu Tyr 14 Arg Asn lle
Hs 6 Ay Ser Arg No Y174V Leu Val Qu Tyr 14 Arg Asn
Ile Hs 6 Ay Ser Arg No 199A/N21 Leu Tyr Gu Tyr 14
Arg Ala Ala His 6 Ay Ser Arg No 8A R192A/ N Leu Tyr
Gu Tyr 14 Ala Ala lle Hs 6 Ay Ser Arg No 218A
R192E/N Leu Tyr Au Tyr 14 Qu Alalle Hs 6 Ay Ser
Al Midagen2di8Of Thd 8oiffpldProfdakect s on Speci ficity

Secfc Pof|I tant P4 P3 P
P oalth By ¢ e e AR ek e 652 itsp SUbA G Pagay o eiven
Gnnin&’h@d,/tﬁ@spe&ﬁ@nl@r ddtﬁhﬁﬂ/ anfsithkt Knd&p blﬂm%lcltdt elNalhut:;tkeclzglther
8T .lIle Al al X As er 8V | X
BT coPGnations In S o Ttk A it JaprtRn R
Sﬁﬁtatgé(ﬂezﬂs/@edhhﬁh@is U din Xvhi¥hithe {ebﬁh'e(?]lﬁfﬂﬂé thé podRbt 1@n‘dta¥éd to each of
%p 199A/ N21. Phe/ Al a/ Phe As Leu Ser

23 WO
£3) Deseple-preasiss i 98 by 1ommpliefeiping the Kurikle method (Current
Protocols in Molecular Biology, John Wiley and Sons, Inc., Media Pa.). Briefly, a mutagenic

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
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
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.
Depending on the pI 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_ \‘utsed in the art.

4. Synthesis Of ACC Positional Scanning Libraries
Those of skill in the art will recognize that many methods can be used to prepare the
peptides and the libraries of the invention. In an exemplary embodiment, the library is

screened by attaching a fluorogenically tagged substrate peptide to a solid support. The
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R192A/ N HeNal Ala/ X Asp 218A G n/ Ser R192E/ N
lie/Val Arg X Asp 218A Lys Ala From Tables 4 and 5,

w0 b@4dat7es m nants of specificity selected to bRCHUS®OIEMW1719

inrat granzyne B are as follows: Ser195, Aspl02, H's

57, Alal89, Serl 90, Phel9l, Argl92, Arg226, Ser 58,

Gly59, Ser60, Lys6l, |1e62, Asn63, |1e99, Gln217,

Asn218, Glul69, Serl 70, 5 Tyrl 71, Leul7l1lA (note the
offeoregrhisdeariridzroupsicorn suhirats Deridp s yuthesized iy wondepgisg m) N-Fmoc

{apbioes 508 O ATy TG g R, kbl s o

I Bw&@hncﬂa._rﬁ@OSEeb Gm®): P&7F93t) hEmogt—sdnmvabprpdméeaﬁeesammheNatural

amn cids sel be .mod reles

AR S BB EEHEE ablls SRIT R HES AL EpinE el esn g claborated by

bes bo@ﬂ\ﬁg aﬂdﬁltioﬂﬂdmﬁﬁo idilﬁ;d I@%f&t ﬂﬁ%?mﬁ&lb&if it gptidedis complete the
tion sites, is defin tea no acid

reco?%b}l%ﬁ%ﬂ mw@éow.uﬁaéﬁgﬁ}ndw & ?m 8*?39“11 HSPRPH or, aftormatively,

NKBBEhgAE) Gan Bénail fetheBddl to 123olid upport 60 "an d 205.

P03|t|on 205 plays a role si mIar to position 189 in
t he s&huﬁénsﬁaf@agr@?neéemhg%e@ thepresent ivertipa mseides mmethod of
Oérefid?ﬁ g RAGbRIgenit BéHtldg 6t §ﬁ1gieﬂﬁsinctl&ﬁn§zpﬁﬁ6rgé&ﬁé l%épncﬂ‘ € he method
er specificity determ nants incl
awplﬁéeSagﬂD @V{dﬁmmféfﬁwnﬂg@tg EMPIESing félamgm)c m@@_ty anv,alﬁﬂy bonded
t
cIS ek ppft P e 6 bl ool @ P oel HE1oBh B MM Bld motery
cmdrae@p@wdnm geevt: iherabytfermipge péptidé borgldetween a carboxyl group and the

" amine ‘nitrogen of the first cerljugate; (¢) depretectirg, thereby forming a second conjugate

: &roup and tixé feactnqe amine. m01ety, and.(e) deprotectmg, thereby formmg a thlrd conjugate
...................... Resi dues t hat

E;éatvg}g@irﬁaéc%%% PP, T | Substrate Specificity

Act i vda htpedRasddbne®dninSheIletRél ﬂftﬁerlﬂcﬁucﬁi (ﬁ@oﬁl@cﬁk@?ehe third
16716025 9.20, 156 P4 P3. P2 t psi.n
Lco&}gatﬁ v%l tﬁu@m&ac@g)@@o&ﬁc ang a%ftlvglglg %egtaﬂgqg?y rgung a
AsptidabdiRpsiwteh a XarKoiEﬂ Erohy §nd the teab@RSHNnS/mEME/; Hh@(ef@eﬁbrotectmg,
adn d AIaGIanAspCat hepsin V

%hﬁfxbﬁ@aaﬁwrﬂ 9&%* wmgéﬁﬁéaﬁn a pspetivyg agu%mossyp Gy dy

Al a Latyr Andholadids @Haﬂax@d}fﬁé\ﬁﬂo%ﬁ&é"ﬁﬁsvgl écf(ﬁge ltﬁféaﬁé(gamme may
Pro Lys Cathepsin S Cys ----

ASHaEan thepwpert @@@ompgcwﬁubﬁwemﬁwbmﬁ msw @@atmns ah
spwaﬁhz@h a ngysteé%ﬁ)np@ng’tﬁ9§ 'nfho%nz?éo?é kﬁ‘% afed of ag@ttlc a01d in DMF

\@Egllggtgy acgfygﬂw rapsinHg gnilse ﬂwremltwg@céﬁcié?d—mpedﬂoamann that

Sﬁlgly @ ﬁ}es@lﬁ/ m%Burﬁ?eﬁ%{l&tr%te FS)éCRle}{L%l soﬁ'ilgns 1s 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
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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X Phetyr Lys Cruzain Cys His Asn Ser d y Gy A a
Leu d yd udndy Asp & uzain X Arg Lau Ar g X

web@bgs178ys 24 WO 2004/ 031733 PCT/ US2003/ 031 78GT/U2003/031719

Mut agenesis O The Scaffold Protease In order to

change the substrate preference of a given subsite
(S1-$4) for a given 5 amno acid, the specificity
determ nants that line the binding pocket are nutated,
airessntly prefecied erdordingntothe mixters iginrisakinetic mixfursrod amino acids (a

FRAES bRl M RN Py AL B0 SGERER) "

pisakuetic nExtnetiqoredn the meaelatratiés ofiaimmozﬁldp bsshdeh edjastediesed on their

aci ds.. Thi.s can acc i d [ t he I

Aep b eirr ek (Rt Lol TGk B HRBPIEPal doys FIRuHen K. A
VMPQ?). Haﬂolﬁ]@d}SM J1681-168di a Pa.). Briefl y a mJt ageni c

10 ol i_ganucl eot i riner i esi ze

cont aiﬁ%@ d ghasp, B?pt’%ﬂﬁﬁlﬂesﬁﬂkwﬁlﬁﬁﬁﬁrﬁ “lerping ané‘PO a?‘ﬂ af the sequence is
dagthicddo SORNbII Api lfdrbﬁvegl\%‘aélfﬂ&ﬁiaﬁﬂidﬁtﬂmtdf %esrblﬁﬁlihﬁlg amino acids
stranded DNA tenplate and merase 1s_add

sy therisgyenes 8 e r&%fﬁﬁ%%tﬁ?cbfoy pgemra}gﬁhweppﬁ%b%cléh%eeeﬂf the Compounds
PSR prbdeBfihi @B on. T&ﬁniq Rééq{)leso'ﬁﬁ E)ﬁd%g @ﬁm@'&% atERde€ by Barany and

transfornmed i nto E i for anplification.

AVigaifighl Solid- lihaS«strpglrl@Smﬂiw, Bie 3284 fimBlyeBepsides: Analgsis. Synthesis,

e 1'0161_)%%_ IS\? (2221 iy ggclalci@ gtﬁd'esgl gé]%tﬁﬂe Qy_ﬂhés%b, i’ﬁ‘t 5 G[?éﬁ and Melenhofer, eds. .
(@;adamy;g)ewe,)N Y}, d9&(h and Stewertisbeli, Sekd Phg@ﬁ pgieﬁjzmﬂjems, 2nd ed. Pierce
COMPRLY K000 09 6y MOk S SPERUA 90AR S
\igmthasis is Rrost ®aii;3eac'6tmapkbshecﬂ with eommyrchdly exgilable speptlde rsythesizers

l‘ft}ﬂz}ﬁ [nag Cc%bm nogen form The protease 20 may

i'nca netero ogous y expressi ng system such as E.
c oI i, IRPa @hntlaulp):zh;sprefemd efbodimemtypeptids syathesigiistparfomnodi usmg Fmoc

APRST RPN NP e® Ot heief W Sl P ar o B R using

nesiglityd.and the sidle OhAR 6 £CEABsiAlesBingS- @it aRd S-@buiylthidand Lys residues are

B O SR S B oL Bl b oA hgprotted amino
pacad ?@@ﬂtsﬁ%’coﬁﬁﬁﬁrﬁﬂ@ z?ra?l&lé 81 dih Bagrgﬁaégll ﬁm%gaﬁ't—feﬁbgmzr?d methods.
purl lcatli on on a | CKe C m pendi n on I e
phhegpse phguitiplgpaoiecting graugs ¢l SéFle%éﬁble%w@é%}n@

NBYREPHBRAL ARy pai@iar dEHRRIIG LRAS ETIRA 0P Sxafiply, €80k Helﬁ‘otectlon is
low pH buffer that mninmzes its catalytic activity

t 3gemplishedypsing Hyt inghigjpergmethanges |Fmoc dgproferéon ip ewoelahshed using, for
aéﬁﬁlptéezm eRPRiberfagd ih DABNGIN SRR RIBHE tah@mmeefyhmtyl

ltrafion, or an%@ot her purification meth comonl’y
uée@@ptmﬁon Iseacegniplistygl using S exnenple; 1 ¢¥ 5 %@VPBEA i wafar or 1% TFA and

S?‘/a %561)9(?7\%5@ 151%1\?@? ﬁ tgfthlﬁ Lf'ﬂra# %teét{bntlg]fcc hs\Mat!l hsm%, ﬁor

recogni z at many used to repare
pepmptiesquaos mdx@ptqeﬂlamll(é%b fRemtovali af ¢-nityl, dhoc ami Strityl groups is

. Li
SHE B SR B i e Bon B SR gassas2s.
t @ & Aspliendl: war@(03:6:5).The 25

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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WO 2004/ 031733 PCT/ US2003/ 031719 fl uorogenic | eaving
group from substrate peptide is synthesized by

w@ondesisBig an N-Fnoc coumarin derivative, toPCT/US2003/031719

acid-labile Rink linker to provide ACC resin (Backes,

et al. Nat Biotechnol. 2000 Feb; 18(2):187-93).

Frnoc-renoval produces a free am ne. Natural,

unnatural and nodified am no acids can be coupled to
trivgagempsieqr selaiatibn pategbesielofitive sigretigues. Iihibe bepteeimiue, residues
Otflat?’drgm tthe g?%4 I?‘p‘f E%z%%lhgesbeeﬁo‘ ];}i %t& ?? 1 og{agtﬁdl%'(t:e%r%%%t% )IZ}F specificity
mmug&tieo e\a:ry Ibresm]emmdacﬁd enhdr hkansoﬂ 1n<domb1;nmn1mt See for example,

taflﬁtggrédgat I Vel&%lgo(?{)(%?%ﬁgr%%%zt Sul?s?}‘ ’Eeﬁg?m c?tée%se ﬁg&gs%lt}n?g mutants

efiflegideRhined Wiengthe AE Tt pokitivedl béaahinp libMtickesddyRBighadbatate kinetic
preparing a fluorogenic peptide or a nmateri al

AR EEaRES & 44 WA 7ot d®) The nethod 10

i ncl ud@siiple ahiddreMisdbdtigutRns drk Hadé A i@t 1%11%@859%%iéﬂgad§of
fluor ogenl c noiety coval ently bonded to a solid

Soypesmesis gug)screprng sushrg thase disglpsed by BgjdhaastQIseg and Sguer (Science
fi4nSh. 49" ﬁée ; eﬁ%v@%ﬁ@sﬁ&f &r&EDN%{LVAcaa“é& Q‘JFSA@% 21@21@@ 1989).

agent, formng a peptide bond between
olamdébxt)nlesegmﬁxqp dagelpse methodson @nwlt@negg@:hra@domlﬁmgftw ot more
SRR Srof R AEPL RGP TSRO 366508
ctoutamized goltymng@dg deteuing {hg spestrpmtofi alipvedbleombistitutions at each
ect
%ttlo Sﬁxg% lg‘nna%g&%ﬁat%g Ig%lgsg 1n%gld§§{ﬂ ‘é‘é&%sb%? éeag gﬂ&ﬁfxdre etal., ]MB,
g:m@up’z%red -10ReLovennt ¢ ve, Biothee. Al @332:-10881 1@@1) Ladner et al., U.S. Pat.

e M T I T

e(nﬁaﬁﬂzsm al. t(ﬁﬁeﬁﬁﬂhmd%&meheral] DNAUTIEST, 1089).

cont act the t con te w hath
o o i tmetods e A opbIRin b frubine] MR p R A bihout
24 htgaedpdd sd&ebxﬁgl thehR iy @aIatedt a@:ﬂﬁmﬂor@ﬂ @niPagRfiided Pétypeptides in host

reactjve am rotec in t her eb

“c?ﬁf*n Mg‘tage@%?gﬁlﬁg 86’5%&]5%5’@ %OIV%C& 4 P%Bfeé’i‘ﬁtﬁés of precursors
NREBbHare FeQbverdd fitn 6 hest cblkand @dﬁdlfﬂi hefqﬁbrﬁ:lé&l ﬁs1ﬁg3m6&31‘@ E@lement
(lLle, Val, etc), free, unreacted remain

t Hesse mptheds aﬂswdhf’cr@msh deerpatiqnsd é‘%fd@’tﬁ’?rt@g?ﬁ Phiadividug) pgpino acid
AR Sidles AP Y 5@%}56@3&6 ofinteRRC AR ah 56 SpftRE R filypeh&dRs of unknown
enpl oyi ng t he nitrotriazol e active ester of acetic
adiugiures DVF 25 efficiently acyl ates the remaining
aniline. The resulting acetic aci d-capped counmarin
that may be present in unpurified substrate sequence
sol ut iSsnening bydnefeae\RpageoPisplapr ot ease substrate
tsﬁgg 2 i %P?]g% So%(llégcﬁltt Bfoltjgageg%k{ g@ h@ e§ 1 %Eedacﬁ §chJn‘1>V bR%Y nf¥ant proteases
ABEvdrione nifigéies o spexbﬁd: subbtmate $e|qualcé&astdh®nbg.’r wuflegenslte ef al., IMB,

AR Rt By GERI PR o, P L5y 3B Bhage tecmiqe

Uiliolwis D& & povided pﬂ}@lcﬁiﬂnﬁﬂaeﬂw&aﬁ & pilotdin arjdrtké @nﬁﬁd wfa@ination encoding
I_eaft 6, nore rpr eferably at |east .12, and nore :
pitef s prpielp offytprpst isgongtaicled as  senghe fisionde ggurf aﬁe grebRrofRofa
PERtckiaeyirug Nk th_EWﬁamal(ﬁdM BprodlicedTh B BaddériallBos,aRe protein of interest
i ncl ude of any useful anmpunt of a particul ar, am ng

als PEpduppdeas aivsia nrefaingng Hisplayed poghe suriaprifithe Hrusopd ity gene is
MPcRed i filif R Rhp R RGk 1864 tHS virdsh PRagéQiisplayed random protein libraries are
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WO 2004/ 031733 PCT/ US2003/ 031719 presently preferred
enbodi nent, the m xture is an isokinetic m xture of

w@piono3gad ds (a mxture in appropriate rati osP€DUSI0DIB1719

for equal nolar reactivity of all conmponents). An

i sokinetic mxture is one in the nolar ratios of am no
aci ds has been adjusted based on their reported
reaction rates. (Gstresh, J. M, Wnkle, J. H

Hareasdi fioy bivding tq imSndHdlirgt tazgets. R.ibrAries & pb@%ﬂr)th each phage
Bi opol )

o RPRtPER i oBlm ) e b B R EREY hest g gt Serine
Spiﬁ]ﬂdﬂ@@ﬁaﬂe&eerﬁdﬁ;ﬂ@é& dn i@ saifadeng@hagelagd tiBeniqub dobigle@dith a

b uential, addition of _the remaipin m no_aci ds
ﬁ%ﬁ%“’é‘@&%ﬁ%’éé“ P& ‘ﬁF%?Oe%eP%rateﬁélﬂ‘f%% l‘g&fy DirRaigsse ygriants.

t he pemieitafetRafdie Bectdd thiieLLCRRBAMBER a tRrafdifc AIPESAIM of the

i nvention. Techni ques for solid phase synthesis are

dueterseh Ear Hipmples e jarest geqrenqess priesenkingn eidterdn, pp a yisal protein, or a

a%efehglewa%’ﬁB@ﬁls b ndtife b}%og %ém'ﬂé t}_dé%lgﬁ'%@ ?d Qlea%to-lmmu e condition.
al'ysis, Synthesi's, Biolog ol 2; ecial  Method

|Herpémnr@teassy¢1@qﬁ@hlis gsedrmamtreatment@mh@ b:n nmais@nngafhe rpeptlde, e.g.,

e SROCEhE a3 1 Apiaen & G SRR Gl
Co. R&uwhmedﬁuaiEMW@ﬁéﬁwa whi ch are incorporated
her el o QXotﬁeeff ﬁ{bgﬁ %%ht é%e iglV n%%l% ea m%?{ ndt ol}eassaylg% ?Oé%)e presence of an

easi | y acconp onmmericia y aval
pmzymmha:aﬁy arttive $roz®s<s THe méthd»d mcln@sF(la))chﬂntlmg Béfiple with a protease,

SRSt RudeBR iRt By SRl R g

(B%gef%:r dsslie fioma gqyﬁ&%%lébgéate sequence
Qhﬁmasﬁdnynf tlﬁlﬁotﬁasd,etha’ﬁ’ﬂy pedwiingAsiyordsednt mblety; andl(b] Whserving

r erab rotected usin t-butyl and the si
e e aleranlirinrs S bfontiBle Sinet n il ot i fegetafe shanee
%Bihg@fﬁndh&ﬁioﬂ WE the PFBenc o R reﬁ@nydtlbﬂ@lta@ﬁ&ef}ﬂotéﬁée fthe sample.
t - Boc, d 4-methyltri Appropriately.

pr ot e&hé%‘“%tﬁ?aﬁf theynyen nr"%‘éb%‘ﬂ??% toasgay dotRtiattially gny known or later

adigdok @Bl ProRiase: Ahe RANPIE BPRAIRRg WIsd fRGteE barl RCREVEFZRSI substantially
nmet hods.  The use_of nultiple protecting groups allows

SV ERYITS O BREBPISEK IhepeamPodtregh thrgaepleds 2 ¢lini} el o @ subject.

AManBREL dnfibliRtent @R Jr6ase '19@m@!ﬂﬁér@ele&9d‘§®m fagyr Fgr@&i)admélgmg of
t-Boc deprotection'is acconplished using T

chseaTHie piotREsT SYRiCInTITBicaepplatlaretpasn andsseaine piRfsRics g method of the
uﬁ{'é’ﬁgionﬁ artlc% gg"ﬁke?erg%lg%’ l(lg ééé%}g/ «{J"f't p'i’@c@e{sgé &hivt dd;ﬁ% niibroor anism,

N- et hyl pyrol i rityl 25 protectio
i incladioprhyk neghiadted &b, hacteriap fungik aieqst, erirusks,tand B8Aqzod.v) TFA

i n mﬁii?JS?,ﬁ]{lﬁ 1301/ ‘grgféa‘seaﬁqvnélé’ tsroiultlgﬁ) B #%B%’Ilgﬁdel%g g(gc}lfllﬁﬁ &ggﬂrlty of the

S-t-bu protection is

estmhsbhelpomqueﬂumogmlcmﬁase iﬂdmamlr alédh_ﬁe@suriﬂyh@m_beqoént increase in
u%lllorr]%s\éer*ce or e%%eagqnlg e)%m% !Ellmtl Xalmdqrrl ﬂl%%lsosdrgﬁonas}g&:%ungl. I’I%Q ggution and the
m@mmohdlmmaytémmmbﬁmimeaﬁmmd hi a0idigestion buffer" that

P B FHT05 B pse gy DR FRCIecy SHAMEELTBbaREY 3 vell

Ao ta EofSofl sRill iA EhdrOIR @&fbﬁal,@ﬁﬁiﬂfeﬂk%@le&& WBh & PAE which
nmet hods of the_present _invention are identifjied

aREgsRmdytorths pi eetgaw ek thg paiiulpProteeseaF ot exapls, alanffer particularly
Sdulte16 ¥dr @6 §itlg edtase 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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pockets that have been shown to be inportant

determ nants of specificity are nmutated to every

possi bl e am no acid, either alone or in conbination.

See for exanple, Legendre, et al., JMB (2000) 296:

8amitte@ at aSpaliitutaa tvaval rexdi. f Canptairiesn with & bentiobRidichion g)lunon lacking the

rrut%nt35¥vlll be determ ned usi %EeSACg’gfﬁ I

sERATHIC YT BPdPeEe© ] GBW%“F%@ ! FHY Kih oy epre"‘se y

ageafed byegenbratingd st@ddard AR, o280 Brotdd fe/ihdtor doathination in which the

Mul tiple am pno acid substltutl ons are made and tested
errgp TRRGERCe produsid by uofease solutions OF keasw asgvity is

S&B}é}nﬁlﬁgdt hose di scl osed by Rei dhaar-Q son and Sauer

(Science_  241:53-57, 1988) or Bow e and Sauer (Proc.

Nat | . WaHedetesgion O%Aﬂseomcmndsrgstgferabboacepmelashyd using a

t h@o?@m@t@f la%&lo‘ﬁ' H%%@C(ﬁﬁﬁlm%y aQlaristy 'TH Lﬁ@ﬁ'ﬁ&ﬁas}("a&ll known to

random zi'ng t of more positions Ih a polypept

stpecafiskif] i @he aftu idns, cﬁ?t@lxarpnlle ypespttheifiyorephdresemit in the visible
S I e

ﬁg%g%gh'{g ?(E:Hgg?n % g«gwa 1 é’q% VL?SQI 1y1 %?E%O%SO% glﬁ.lgregc%h in rgsgonse to
pc»s:nwmmrhy aQighe souneet ﬂnatbstwmay a:lsmbeblgr e of aicimage amplyaipesystem

R e e RS 64 oiopan i 508 depifgapgystom. Detestion
1919)1 alsk belbevisweilization thrbh@i a ﬂﬂmr ashibddya.flubredéacelfitrostbiee , The

A L e AN A R TR T ——
Neipnat inagtlbe recblded én @E&ogrilﬂﬁﬁﬁlm Mﬁsiﬁ@@%b&nﬂ?ﬁ:h@@@nﬁ%e signal

di scl osed above c he conbi ned with h-t hr oug hf

alED AP Sgrhchectrntiiipd R raabime pongrithsean ‘éﬂ%ﬁ? FalxpIs sy stem or a

Cb}(ﬁﬂﬁﬂeteﬂ’mt ageni zed pol ypepti des in host cells.

Mut ageni zed DNA nol ecuyl es that encode g; oteol ytically

act i vellpsoorsseapls 2 §?Séfceﬁ%fpspr2tsa%er?é?e of ysgmple dmplick gpspending
f 60MRsbiVeng RS fanfitd in% AREr GAMRE ?H)b pERd ehe %ﬁlmu&hﬁ&om ®eing

equi pnent. These nethods allow the rapid

deswred, addingie the butfs 2 finposeninpieteare ln%ﬂtwménnoaﬁvm the resulting
a@ﬁaﬁge InGRlofld&Scd Mhifh LOLURERbIHR R hs sHAWANF Bhmis 3P4, cj@nol Chem,

ied to epti des of unknown structure.

I
S P0 BT g . AT SIS foictes £6.4Bb iy Hhersporiefiomondicnsmet fo excite
pfhgtfﬁgﬁ)ghcﬂg e gic?t?ﬁ(ﬁywév%leﬁglg %g P‘J? fﬁ‘lgfo fiéte BRP oSde%Ft the resulting

mut ant proteases for vario S to specl
s (Iberescemas at thg gnuirsion waselersticof tbeﬂuomph_oeag éﬁx&rﬂammgemb protease

I nlci%)g %%gyF%&%fgz%ﬁQezdlfh 3)%jtﬁ %gh% eah ei% dla féluc%{l?ﬂce due ”fJ’o a protease

t cleprimg/thelendicapiny si cal | nk betvveen a protein and the

genetic | mat i on._enco r.ot e

7t or o TR ol Bt e =g e el ity %o for profiing of
S udrfoR€ eerihe _ahd Wstﬂ'r&l potedsesd Thedibtagy Isable\td didtinguibh@Rotédies having

vi ral ﬁ?gitfl e i s prod ced in a bacterial host, the

prRSEHC P @0 afids.n - oquced as a fusion protein

and di mphekedi@tratitCenbodfnde aQfordr & provids foﬁ;!s}dblhg the extended
gene is packed within the capS|d particle of th

v Fl}ba%ate PIEeISe APSHIcHy eesewarﬁb%ﬁﬂwr@weﬁ invplyed i lé@odemeg%wn, in
V@h%ﬁ%ﬂ%?@l%n REHM 30030361 ﬁys or Arg, depending on the preferred P1-

specificity of the protease.
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screened for binding to inmobilized targets. Libraries
of phage (with each phage representing an individua

worioansiz3ar e sorted for enhanced affinity agai PGI/US1963/031719

target. Serine proteases have been displayed on the

surface of phage and this technique, coupled with a

sui tabl e nmut agenesi s technique, is used to generate a

di verse library of protease variants. 5 The target

whi ch Tihs PSel@citmtbepraiiowefoo the ramd andsdcitegletermivetiapefiproteolytic

asrl)lgstra easteql?erlllcé) gpe‘(:ll {ty pf'l?otsee 8fkin F%e \%qpe{pgrecmpeetP 3§ 1t‘nethods
FE<enty i i an. endotoxi n:

pfirﬁtrléd: mwldervaﬁetybﬁellt@natﬁb libeatyl fopnang. efan example, fixadg theP2-position as a

orn t|de related to an
bla ?%? 8P|h°b o agid mgy 8F%H§V8n%¥zi?fa¥?f1 a4 l?fgmglsCéed‘V?%? by papain-fold
tﬁr@t@&d&?éﬁd 16%1 0 @eopebieREALNNS bidsiratd sdqience € PletetiflinatonGind
|ntravenous a nlnlstratlon to a person I n need Of
s‘ij’éﬁ derption efpatticulpplimytations releyaiido ww@%g%ﬁ@@rm od of

aneithes se@ﬁ@%@éj bﬂé@fﬁ'&:l’cﬁ ﬁet&jﬂﬁndtleﬂ @f&tWIQHh the aﬂfﬁwmhd%g o{ skill in the art.
g f active

assayln resence of enaéﬁptlca

pr ot eds eddltr%tom’e‘v ﬁ»c?@sayw@ferdb%preﬁeaye lesterl gazyames Bigpiethod of the
ot i BERRSE for iAo SHE AGUIRAPANS JARETRY R enryme in a sample
sﬁqusmrca@a@e)s diws e enothep prefearst iemhodimenty ﬁle |§¢r9@m,-method further

Y
oBELER cFLBHE 8 hoMIERIEANY, FBLE] dimnhihe g cnmymp o
cihatege) presdnt indhe saoephe Elhetshmmpld earebet, algl ebiolgirgkfluibesieigps blood,
asrg3 |n51tzllfn%gttlagsr1n%{k(§rr§e pyesence of the enzymatically
clivVe pr’o?ease i 9 Sthe sanpl e. This method of the

[ nventscmtnogmdmg Bfmzhsé &qaam)spfzaf‘cigxmh;ant ially any

known or | ater red rotea The
cont ai ‘AR ?frPéefB‘F%‘f m&e h%be ° ge °Q/9e§§e f‘?egﬁ?qe“%r an enzyme that
ssplaslﬁwntyl oaéalvgs a taipyt SQUEhEE andprefkhinios th edzgmatilly active protease.

M R e e e S

MBiB6Fhoses Wi gk fluodsphbleds 8 0 Pminebeiz61 iafd tHefquerdb@ds &.p.C3-
pr.ot ease, st ei ne prot ease, netallo ease and
s‘é‘FPWB’SB]Fo@X%@%P“ T ALPSHRIP FeRse CPH%SPO‘?‘#%"& thesigapence targeted for

P&lkdviagd) iidhialse cBABIE BflinkPhallly RBeRESBNuRbpHIFOVRAS B fluorophore is
derived froma m_croorgani sm i ncl udi ng@_@but not

| -8 88 ang theasmendder i e & (fds, (g the fapdiara geptidp ffbrary and peptide

pix@&t@&é’&qu&éé ayd g raftfar (d aﬁiogﬁg ﬁle%ktuyé t*o}thé Iﬁu@nﬁﬂ&e&sb @A then
sinply requires adding a quantity of 25 stock

s@ilagtitatee the raéwqu GoPB @@meecemed@ eaganqhqmoabﬂmresame If a protease is
NEAIHL £39 thE'?& U@ Rl L1BAE BA58nd af)geg{r)és)tﬁpgﬁ&ﬁ{b? fhe Mndom

decrease I n e Clt tion band in ?st
slteretyy andh thiithers wlillibé @ high patiotdi €y3B Hlyorcsnyuee to oraminehgnesy!
"H@(?réﬁcéri’ h@{e‘i@a’?’gﬂllc{m‘ﬁlgg@?xgc %%ro%ﬂeﬂfx fktlgm)qrb%ﬁzgg% Gron, et dl.
BBfobhmmsts;uﬁl%a)I% 6@ - @sl;&)ayl ng protease activity are

' h t. I
B bur P Ber e e hiniech et R 36 bied o aERRHENS pauence
t ttﬁclﬁbitp@ﬁ Anren Py, ahdlﬁreﬁi?dbly cmahaﬁzyrnfamba@seeuvé:mbtease The method
a buffer parti tahle faqr assa

e}nﬁgﬁ% &) gentaciing {hedoiesse f”étﬁ 1¥’ e?BQﬁSlﬁ)m H]&J‘?Bﬂ %uch a
1madMERR&eBY the BloBgshic hBRtyE ?e?éé&&fﬁﬁﬁ tHeSpepRBlseQRHitd, lhereby

rrade in a fluoroneter, an instrunent that prow des

+ foxming gtfugrpscant gtetss Gildetectingrthe Heorescers maiisaad &e&eﬁ@ﬁmg the
nmeasures the |ight subsequently 29 WO 2004/ 031733
PCT/ US2003/ 031719
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emtted at a particular wavel ength. Conparison with a
control indicator solution |acking the protease

wWEe@vosisss a neasure of the protease activity. AEEUS2003/031719

activity level may be precisely quantified by
generating a standard curve for the protease/indi cator
conbination in which the rate of change in

fl uorescence produced by protease solutions of known
aldevéd of thSpoptidedegiidiics) @ltbrebicletmititizahd peptidofeqhidire specificity
fl ugrogeni c conpounds is preferably acconplished using
rofilp g &%ﬁ%ﬁ%@? detection may be acconplished by a

vari ety a peféted @mboBIHRALT eibbvkiaWibet SnetRdAOHE nidthod fikHer
in the art. Thus, for exanple, when the f]| uorophores
dRfledes{d} arentiysigdheflugresgent anigindherehytawantifying thgyprofease.

Si Pl Wi li¥ovkt $i@ch o PBRESHebR AnPimibddHRLRS SEREM HeRinabove, the protease
response to 10 excitation by a [ight source. Detection.
reay be pubstabiallyyanyrprotesseod! intarebtnbitjds rrpfataply aspariie pigipase, cysteine

it . Lot er YO

i el B0 oF IRL Aroldlel ThRRRIbalPaclfth dibt £ Floatf of e

biytventisnedni tealkeiived frdm eubglantellyiahy erganiss, ineldding.cbut not limited to,

T ST S S T T S

Alntited ingdnt, tied protesideds desivehfbm mayicioergasisa/ elddiap, but not limited to,
hot agraphic fil.m or ing a video anal ysis system ’

'Fr)‘??étegg’dﬁ%= YPBStELSeH %fgls @?‘ﬁﬁay be quantified in real

t 6. MRraifk Oy SRépslIey an i nage anal ysis systemor a

phot oneter. Thus, for. exanple, a basi.c assa or .

Pt ot oo Tt epeat I ARBIG iRl B UGt B EaL g g lsird

dipesifibivi 4 sb1B&Qiveg APéaBh bithd etetide@ bindaklg sthbheted) P2 OFY, bfBPDfIn some

the particul ar protease being assayed), adding to the )

bRREFSeUtpnNs ik FEHE mcgeaﬁffsg{ag%g@wp Akt gaghpf gt}e sybgites that form the active

NBRIE PEI Endtde iR psHdbh b 20e SHARE Ruilthhd HOLiBSE6A 6 Lspecificity at

using a spectrof |l uoronmeéter_ as shown in Harris et al.,

Jorg;sapsitehatittle ipgluence pg spaciisify atesjacontsebpitosy Stins, engipggsiwg substrate
i rilbd bRdBE bitd Qn®¥abdomplitiRa i

flﬁqﬁ(ggiggﬁagrd Eglg%@?[ﬁg&g‘%wgh@gsﬁé wavel engtlﬁ ofn t he P e

f $tepovspimgneerand to detect the resulting fluorescence

at th ] ' ] re.

71 uor QAEANIRbERERIERALOND afieh WL PRRIN @ dorthfined b

sehstenckbrafesaarp theh essgyedivsing intivddupd peritide fubsateseomgenonding to the

due. of . ' i ndi . .

WRARoB RS0, PP R0 8o O AR Bl Py wi

| ¢leavarthe desiefdiseqifeace whanfrrésemed mfthe eomtaxbosths fill-laegtaptein. The

cystein ot eases.. The |library is .able.to.di.stingujsh

oA S0 BL PR RE s B rroatiel Fo PP EpbRISH RS R eSlbyeaty

atht dRavage eventt Tiercldavage el emts menierdddgi SIEPAGE alftebiharbyting the

is i ded for probj t he extended 30 substrate

s’éﬂﬁ%ﬁ%@ﬂgﬂ%%ipf‘ftg‘f‘w&gl% POGEPECASR i ne prot eases

i nvol Vig@nétRerRh®odinfean ghutanat proRRaseh Bre cobinbd tdwqite the specificity of

position is held constant as either Lys or Ar%i] A

JEEiRis nafeases- A Eufitien at qusdespsie ogﬁ%ffpﬁwwh Brodpess specificity at one
R RR8MbinSPIMR ga?%ﬂr&g’é]sz 33th REJh&/SAARR QB ddobir sildh the scaffold to

P&i
PS-SCL strategy allows for the rapid and facile
depks qﬁqmﬁ;imegﬁp@ﬁﬁoéty@(@@ﬁsyt Apy 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 w de

we200408y30f alternative library formats. For eRERPE®)3/031719

fixing the P2-position as a |arge hydrophobic am no

acid may circunvent preferential internal cleavage by
papai n-fold 5 proteases and | ead to proper register of

t he substrate sequence. Determ nation and

mths; dethtdn 2 pogifionHBiaf aspampink itoalbdhe orscatecthevmitiinddepecificity

SPUF 14, GRSy e PR G ™

t h 0S € PRteifidthigbtel] fortch@vapetand inactd@dod dre ichidfiddts theﬂfollowmg criteria:
assayi ng for the presence of sel ected enz

e thedROER it HEelvedip @ATPIgRY: thsfed SERTErNIRG Xe(m@e&l? thg critical
Gﬁl@ bf ik RAHAN@Sr SARE e 0B129; B W@@yﬂ&blé&v?%@'ﬂ@: pE&ein will

e. protease). Thus, in another preferre

diiemﬂts fenveion, cCleavie gitosatifida et arpieins areadgntifiedby the
(fgﬁoﬂﬂg&atélflé‘. 1 ﬂle§/ B 18datd o‘ﬁ%ﬂeeéigom kkabe of m@’ge o IZ% theK are

quant 1 fying t e enzyne rotease) pre

Jenappiden reives dabpt dewihofiregondary stractipe (ﬂleogmomB shéets at o helices), as
uch as ood seru . senen

38 FE&WF‘%@Y %ﬁgﬁn?w"gS“B?‘B’Ee@égééj“%é‘a Breﬁ“’g"‘é%}%"m m%&@ﬁseﬁ%‘gﬁ‘/s tgad to be
Ildjbpa I@ﬁ&ﬁb@ﬁrﬂaﬁ’e&]‘f Prateins @rshdicionesll surfabefeeepm’s)ﬁ BYltheyire located at sites

use ct .for an, enzyne. that ec | eaves a

{5 G e B e PTG i oy 16 Brov e e s sgences are
acd | fo6r 1BSi@ieR abRngth Tdhﬁatﬂﬁﬂi@@ﬁtehdt@sﬂlﬁk&&te sp&ificity B @By Rerine
peptlde Ilbraaﬁgpontalnlng an internally quenched

ArRIEREh RBTEn PaEEd o R™FT-uor ophore i's e g.

0- ani T@Qﬁﬂfe@}éﬁb@iﬁeﬁt@t&qﬁ%ﬁﬁ&f tdrget Brofhin-dssisted catalysis is used to
nitrotyrosine; (b) a peptide. supstrate sequence

EERITRlE PETiemseRgPecstie fas a éaé%ﬁﬁ erodeint Byrigyaetarpteigrasyged catalysis, the

qh@a@mqﬁsudﬂmm isHaBQF BRNGAIES i ih RE&8 @!rdt%sagw&t&% alanine,
fl uorophore where the fluorophore is

trpdetjne e pegtease inactiye. @ggtidinedy thq]pqugpqsﬁ%mp]a @eﬁget proteln could
HERdofSs 4 b 8ot o8 gto?q%fﬂ&p@lﬂ Hle'sHE r I AUBO RSt tiktidine in

1 ratio; sing t ure to the nutant
ph@pre@s@, thaegby ha@wnng ety tiq wmg Heweeven thipplages @pizmgent

SRR B S mAO IRt (LUSh POER i e

(A single nordtipntiththe s@sgetb smpmqedmldmwltﬂ of the pwteasmcholiaGts
s ec1§01 ana gus% 'Wé have Wlelnll sq%gtra?? u 9&10@ ecﬁcﬁ% h@ﬁg‘g te

cence rescence
aaqheﬁceﬂ)daﬁmt}mmbe a]ﬁtred:hmga rﬂawlgmmbw&mmatibni47 G on,

o et el B ETP RIS acke. 336 pbtTay St n bt R 3 Mehuity andror

gdeémrdd Mefyhﬁ' peBatRidecthatapesiblthitially herholagous By pteagewdaffold or

pre er apl tical active tegse. The .

B o el GREIBra By P GASKE Provgr e B B be Piteih, Inone
Gnbolin®ny, ke RAfbIAS €smpiise tRAMIMY M degientds SFHGPsid chymotrypsin,
manner mhereby t he fluoﬂégenlc noiety is released from

testibiei: thepanbin plasmite Fagtoreta A, oy mapg™e B |ng>@,z1g§%énfhymase

RIrShY; cam;mﬁ@i @fagthsrég%lpaﬁ il AR RS QAR Jf%! g g
determning thé 31 2004/ 031733 Pd% S2003/ 031719
§er«g9@rgcremew comprigieprdditonsleminnecid resiessdhyy fora @rmdemmdgnﬂy
tilaﬁitlr%%ﬁdnqgedo?&% S\ dgﬁgﬁg Incﬁlldé Yor &5191{)1'(3' £n egcﬁaéehﬁlar ligand-binding

domaln (e.g., one or more fibronectin type III domains) of a cytokine receptor;

immunoglobulin domains; DNA binding domains (see, e.g., He ef al., Nature 378:92-96,
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In a preferred enbodi nent of the above-descri bed
nmet hod, the nethod further includes, (d) quantifying

W b@408118% escent noi ety, thereby quantifying tPer/US2003/031719

protease. 5 Moreover, in each of the aspects and

enbodi nents set forth herei nabove, the protease can

be substantially any protease of interest, but is

preferably aspartic protease, cysteine protease,

nigO3); hBpity tagssad dre 1gker Sneh prlypteptides maYhakso probide additional polypeptide
usi . f the invention can be

%égﬁg%rggasf om 5198%15 }ésjr%?g%%ley any organi sm including,

but not limted to, mammuals (e.g. humans), birds,

riyptdabeBolypepdides s, pl ants, fungi and the like. In a

preferred 10 enbodi ment, the protease is derived from

a ni criopolgeeptidagecondigiiol ihegnvebtien imotudésiarpiolypdptide including the amino

Iba?ﬁgdtr s§§+&%ﬁe gjan;%i)tg%s\é%@@%é 5 %gnlé%gs%o Ellc?eg i$ é%;e (gx%%ceg) theGSCaffolds described

i Heeimt Theahyention els@acihdes amantaairdr vpial posasd dngtof Wassetrbsdues may

esired. specificity and selectivity at each of e .
et SERGF Fryeseiheikee Gies Siass i ndnsiol it Sasgieh depegived
dases, whild sl Efdding A pSRéih et MabitARSErétaise agivaws ahdyghysiological
each, of thﬁﬂlzubsiées that formthe active site (Sl1-S4)
FRIREHORS 9T  HTERRIRGERFTSP Breregh elngrsefard crahpdimen the mutations occur
N dihd 4 1c84 fe@fén@f)ftﬁ@?x_@)te_ﬁée%st&taﬂ&d he8lf. subsite has little
i nfluence on specificity at adjacent subsites, Thus
engi ndBEsnElameicassivarians ot prseryes profenge-liks wastiopiipgjudes any

LM Quichkgexiandatull pstiia is itﬁe%e%@ﬁccbrﬁve been substituted by
acconplished in a step-w se nmanner. 20 Mutant

priberemirosacidseand furthen inchide ghegiopsdilityné dnseiting exy adskitismp] tegidue or
a%sidek %Et@e@ﬁgvobr\ésidﬁa!é gﬂh@%tcn%m! ﬂr@feﬁlrajs Gl af fife Bg‘sﬂﬁlity of deleting one
assayed using individual "peptide substrat e§

COMAs st feom ghetparent spguince dAny amnipa geid seljtiaition insertion, or

Vark i : Q. a i L.
AL FROL5AS0D ML, 5PANA :ASEELE B Liphyion o

i gonsdrentive substitutiof astdeénéddblové.engt h protei n. The

acti vi t.ej.n.i | . ;

Sor f1onaStect Hng ALEFAREALE!  idoh 3P ABE RN E o Bicppsacive
chozdona gfered,cmderivahieess fregangs asalegstor hamotogs thored Ago provided are .
SDS- P fter,in ing the urified full-length. ..
Srbmspice, et sHGRRTR Y b Bfrufidens t s tgro ¥ attbodies. 1
ednotdt eretnddimenitpacteaspy @t pasleceddyeeaibirianEINAedhaiguées. Glternative
the specificity.of nultiple.proteases, A nutatian a .
s PRt prebsict, a aftenbrofid tpolPeriie e B uhie i pemicaly
alsify¥endsd heptide Syheshi teddigues. t he sanme protease with

anot her, nu,tq ion at another site on the scaffold to, 30
make & 9EGHFAFIERHRURPISQLPIPIFAEGPIRLEdNs Nchiie PRRHASE PorBRTisIng amino

N3t BdelyRMSestufitichay BbBold 4R %0 BNIHE] S Bhe GRS A Sbqt@es of the
be used to create a conbi ned specifi C|t1y]leprot ease. In

orfeteas @erteingthatipeadenisrer angino agidsthanthe fll-length grotaess preteis, and

ol sl Gyl BT SR R e

nenprison demaip osinpiibwitipatdeast ong sptavitygif the rreteask arvteis Ao

P ERE Al SO HIREtE SRR Wiyl EpRURERG AN Bhpt, 10,
h&sy, 60,60, T, 80,6100 800, &t é2@.d 30,0101 50 ueEy €780, 190, 200, 210, 220, 230,
| DRE510/340, 990,36, JoHER' S Bind B VRS  Er T &
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1) the protein is involved in pathology; 2) there is
strong evidence the protein is the critical 5 point of

wo mioe0¥EB3 i on for treating the pathol ogy; 3) PCT/US2003/031719

proteol ytic cleavage of the protein will [|ikely

destroy its function. C eavage sites within target

proteins are identified by the following criteria: 1)

they are located on the exposed surface of the

p rote IMbre&ber,toﬁ&yblakglcallﬁeaive @oitiond &G protsint mavhiel éher regions of
v0|d of gecondar struc

e proteipugrp delespd, cau be prgpap aélalg}n%ﬂt &%fh@q%ﬁs a%?ﬁ@te for one or

&h&@@meeu@hsﬁlﬁéﬁvmbsamﬁ&ﬁvblpfmeasét hese regions tend

to be_ 10 |l oops on the surface of proteins or stal ks on
cel | dupt gmbodimenighe pwieasedps phapingigidiseignescPigne of ‘P gatfolds

tdadritRll Berbinkes? b)e 61Qhd ABGhis CAIE stRIR! ThepReaRARERIAY substantlally
i ts known function. C eavage sequences are e.g., fo

rhosiolngess torpnp efithe keatioldsulpsshbedtieran pronged tl@ubmlrtat)%the scaffolds,
S r t

SRS A5 0 0388 PR e
mameaitailldm variatigresr nprtageaésis. dssomlingty, oeanathgs érsbadément ghie protease
of &pgfs%sgd% NGl ac)taarecl L re(c)ptleslgs gtlsl%a%{; zgaguts /{Sg/(afl o (%lggotuzsa [ioqt%g fnﬁnno acid
| seyEemcaolt onb |o§thedcafﬁ>1dshmcrﬂbsd Ixacih ondnetdf eehec\anwﬂlty bf tbe scaffolds, and

trjad 1
el TR s S B o s FolfotRaREubR R bl qg e mutants of
pthe Etﬁffo]d@SIrI d grefeirad ébodiiégahe Proeh e ddmpoisdsdn ahidtCicidsequence at

algTsé t %(?"(g %ﬂﬂf 1é£tt esatnlflg(? ?e]cfé .?eeﬁher{z):% g%( é}?e%{f%%%@gf?oqgs In another

ﬁk’r@feﬁbd/erhﬁ&:ﬁxﬁéﬂt NBe prateadeydontprigestah winlins acidaseqwea&e attlé¥sSabout 95%
aces a stringent 20 reqU|re for aV|ng

rcatlpgua e o 1o apidsp@engrRfiops e%él? peatiplds < fppnohgy preferred
SERBHRARESL, (2 r@feafleo)npnseé\ afh hﬁiﬁio%cﬂ%@\lehwht dasttaBBut 99% homlogous
substrate sequence bin |Rg35|te of the protease can
alottlsy ampipg acid pragprce Of pye ofibp caffelds-it to have a change
in substrate sequence specificity. Substrate sequence
specificity can be altered using a snmall nunber of
retenining Hagsilogy BdfweensbootMeresSeqursces above, one of
ordin afoyde%éﬂnkﬂe tha;petr&‘ﬁt rn]iol(gggrbf ndle ngﬁcﬁ@gcilﬁﬁces BPof two nucleic
prepare a variety of eptides that are
saslixtst tiasdqabiops e nbgr@gcfmmptlmahcmnwswm@f(fa@l, gapsrcan be
246 4L Fhehel BPE BRL w8 o8 LAMRIAORIPLALERL K frima
properties o protein
eaﬂgonluemsmh a stehemi@nsmabrfmichbs acmlrquuwee)t e aminn@cidgéesitues or
t 1|1]u g%ﬁ& %Sat gc{netséﬁﬁgung fgiané]fo %1 SI nr’ n[uﬁ%o etl)lolsftlgrllsndr%then compared.
gWaea y pﬁsmkm ia Iﬂ)el'fﬁst&squehﬂ'eSE’odc,upﬁébh dpshine ﬁi,mnbl aaﬁltraesda],e or
or_ cruzain.,. Such ncl.ude .a
PE P Giolte & otk SoRimB PP A SRR T HR e B o
gﬁtﬁhcﬁlb@%ss b’hﬁit é)ﬁﬁflm ae., bé’hlﬁfsegﬁﬁdl?ﬁfdmb acicDm?rdiuBElchidd'hﬁkgology is
omai n uc ommi ns jnclude, for exanple, an
eSAUR{EBT fo fRO 3Gk %Frﬂ!i‘c%}cr?&%dn Hen@F i n (e.qg., one or
nore fTlarReRRtatR sﬁ?ﬁﬁﬁcej Homot2y@hay bt deferRinsy ﬁsociﬁé ee of identity
receptor; |nnuno bul i n domai ns; DNA bi ndi ng domai ns
( ‘g@geenetwg sequpgceét bg bomqlegyupay ‘t@'ﬂgteggmg@um%computer programs known
t

gﬂé %@ %\Y&%s E%J%A% rgil%%dﬁg the' 398 )p(gﬁ %% 588 Needleman

a@nﬂ Witenoh 19ﬁ@|-Welp’iwkj@ A45etfite Msglg;ﬁ,(l@ éiqéé} splfﬂwre w1th the following

d.ée%t%{gg ‘?o%%uaglg\égid sg)c{u%}lc%%%%pgggoxp@ﬁ ic%gﬁon 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

wWEe@iese whose sequence is provided in any oneCDUS100#031719

scaffol ds described herein. The invention also

i ncludes a nutant or variant protease any of whose

resi dues may be changed fromthe correspondi ng

resi dues shown in any one of the scaffol ds described
heateasion pemaity ef &3,ithd codingaedingothgamtagous nutkic avid setja@innes referred

i.ts protease activitjes an sial.ogj upet i 'ON0/ QL0
e GHEP RO e S s PRRES P Sy G dPe PO SS05 90%, 95%
eibndi 9pt , the nutations occur 10 in the S 1-$4

regions of the protease as detailed herein. In .

gener e teAmppQsEns ddpypT 5prs e degressi 3igh two polynucleotide or
%’o%@ﬁ%'s!&#&éﬁce@ HRGHRBaliod Gl rHEBR -1 H¥sidueaakid Blerlabadi@region of
residues at a particular position in the sequence have
remmadigns The tere dpasgentage Erequenca leatdy d s calgnigted by cpraparing two
o AN . . o I

BEIHA7 oA RQBBICR: ol Moo cplo S Lonkihteci Bl b 0 number of
[resigings 35 mbichithe identigel nuckis achidbapoiesi, B, [T, CyGoV, ed) iatthawgse of

one, 15 or . i f . . Yaiorids
S 0 6 G BB SRR i i
ethe ounplas sEaatoked gositiomsAgnihe ttal ninmbdrax positicdng in the region of comparison

ci.rcynst.ances, .the subst.itytion.is co rvat i
b DORRS s P B0 B S0 B e o eonc
| idsreing. | The t@er tsabstmtibloidémioy ads @sedireadiredeotes a alutacteristic of a

bi ol ogi cal | y-activ oftigns thereof, .or derivatives
AT KT PP A oD QBT asFguPigas o oat
ag(epercedtseftnyPidpiititgleréd feablyRanlcast S5l béradt gdehﬁuy ané efténsv0 to 95 percent
i mmunogens,. to rai se_anti-protease antibodies. In
CBERET EMbaRTHR Hevallh Ak ABRoreEPE scipens &gaﬂws compared fo a
r@festoé BRRéncHbVerta@ephiidf SegidN. t €rnative to
reconbi nant expression, a protease protein or
pol ypeptide can be synthesized chem cally using
SERPRAL dn@ PRLbAProviRE hesi s techni ques. .
Bi ol ogi cal | y-active portions of protease proteins .
i ncl uddiepasitieealscaBpyifesrofersa Aimgric ofugien grofirf et herein, a
Shibleh & Btk PRI QR ORSioh Broin ABhipHSS alfrEAsk ?Ql_yﬁé'ﬂtiﬁé’
aci d sequences of the protease proteins that include
f enseativelpiilinbeddioiachonpretense pelypeaptifle. | & ngrdicaps prlmeptde” refers to a
0 A b et vit ; .
528190 SHTL I Sy S ARBRE ] L i i
pler¢in onene of tepnittands of thesaffnldsrwhests # "neintiotaase pelypeptigperefers to a
SR P AR SRS BllocPpe i i re
paibytpejally demulbpals to sne dfdhe exiolid, e.g., AQrotdo tiabis difgrerd Grom the
Z%aff%@@%otgﬁ%sog%%& g‘%gsgeosz 1%9%1 i égéniérggﬂi%}gg\’iﬁgg protease fusion
280teinXBOproBat milypeptide cantmeespaiddo bk 6t ip@tion of d feowghsk protein. In
34 WD _2Q04/ 031733 PCT/ US20Q3/ 031719 Nbreo%gr,.oﬁper. .
oP51 FHOL IRy 2 REA5ATS SR PFUTE CUPPTEeh# eSS o Belogirqliyetive portion
ob¥eproteRGipeisin Ofn AnbMePéiBdlierlachrétedse figsthn ﬁ@t@inb,@mgrises at least
prepared b{ reconbi nant techni ques and eval uated for

Y

offe Welogiggiveactive paTdomsoha PreseRas Pratein Jn ppledober embiedimapp a protease
pﬁ@fgﬁgﬁﬁein Lo €400 tﬁ%@%iol&é’i\%ll?—%%x?%ﬁioﬁ@éf Bt oRBcHotein.

acli d sequence of one of the scaf]i 5 5 described
h¥fiimthe fusioneraséint theterm t'eperasively-linked" diafendedds indivaée that the

pfn%{eg?esp%l)%%&h%iaﬂd lth'i; n%H—kB)%t@a@é {)@f%&%ﬁde are fused in-frame with one another.
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honol ogous to one of the scaffolds described herein or
one of the nutants of the scaffolds, and retains the

wo eoved3oBml activity of the protein, yet diffePGI/US2003/031719

am no acid sequence due to natural allelic variation
or nutagenesis. Accordingly, in another enbodi nent,
the protease conprises an am no acid sequence at
| east about 45% honol ogous to the am no acid 10
sEeptmhqaeotcffse polgpaptid¢ tem e dadel ¢f e Netegainnhe C-tleemmunofthe protease
1H%he mut ants aof the scaffolds, and retains the
PP activity of one of the scaffol ds descri bed
h er ei n ofie @nitodidherit ke finsib pioseints a G3Bpweasd fakids protin f which the
preferred enbodi y ot pr ot e S _an .am no
P e SRR i oo s 0 N BHR GO ONT BUaLIS Srigstotese)
A iAcEC ISUcIs RiFIeR PRI cafl B i14te tHROuEifiedtiof bfifecothbinant protease
anot her  preferred enbodi nent, the protease conprises
delweptidssaci d sequence at | east about 95% 15 honi ogous

to thayaRiig AGLANREIHS 'f&?oanrot@ﬁqs PFc hlifn$t fhich Sprotbdde
another preferred enbodinent, the protease conprises

aequarceraTe fisell to dap Nirminys of tha & demainrogpimmimeiob@inG. Such
t ol ds.
DlgltS I{e){r? ﬁn“’ﬁ%&n ﬂgn‘?qgggﬁ%‘gﬁ%@%%d ] 562&% r eesgg 3&% nces 20
To detleendthe emhedipent tatfusimrmbieipyis @ protease rnfemacoaining a

ci e .
SSRGS o IR DYEAEL i 18 Sr P EMEOE S s
caitis)h expréssipn entlioestdcretion dfepraege eande indreaaed thrasigh asd af@ heterologous
aC|dlor nucl eic acid sequence for optimal alignnment
Wt FEEESNd ani no or nucleic acid sequence). The
ani no Apiottasehimertsor diisionptetealfittbdventiorc @mrbe ppaindedisy standard

CEy Bt DR G ot TR BT & B L e O o en

OfdlyfRbadk BYudnbs aﬁ@teﬂ%@&eﬁﬁi—ﬂaﬂi@ﬁl adétedmete with Coreehtichel

as the corr spon oSI t n I n the cond uence,
¢ FEMIGUSE ey DY @H}Pg’é’m%r ntEp |°6 §laeReTay eﬁﬁ%ﬂ““ﬁ%%ﬁl&%?fl’ testriction
(énz@me dBstlén @6IplaLIIE Ifdt aBpfop@at@tehiing Iﬁumgcah @f €otsivélends as

honol o equj valent to am no acid nucl ei ¢
@Paoma%eﬂhlm Pswsph%% Geimsnido 2¥91) ug@awé#d@lwdowm
NByatiBE eSB! dgtbdsent, IR MK BheRhn béj@ﬂiﬂe_ti&'edagr BRtNEERA]

two sequences. The honol ogy may be determ ned usin

clsripiues inshidime antomeisd NA Piﬁlﬂteﬁ’éef&r ﬁlte@mWIYaEC&@mphgcaﬁon of gene

S
&5 én\ﬁgx?rsgcr?ﬂ 'Bg ﬁ%rﬂ&ﬁ%dst ?:SIBE ?nc%rgﬁél\?/%ilhﬂg \ghft‘f%g(g @(Z 4§§1‘ﬁentary overhangs

qutwgetmgcmwmﬁ eenerfeagments thaheanfsabsegnty be amelpdopd reamplified

p Bec q‘!{*&le %fﬁlg%gllc g SN (s c IR %&?@%ﬁe} ??Qe(gr) @Rk PrOTOCOLS IN

PMDLE!SE@&:B/I@E)I}Y;LBJhn ¥ileyrfs Sar, tﬁ:—?ﬁal MypreoferOmyy ¢Xh@ss1on vectors are
C&?Ju g‘maﬁg l% thap Sred 3%%11?: [+ lm%ie%)f (’%CI d o {r]ﬁ:e%ﬁde). A

retrer ove eX egree gden
pplefeesaadjicydmg meteid @aﬂsctan"b@%on&ﬁﬁzﬁo B¥an 6;‘.13%85191@%0’((9 586h that the

% or .99% tit fers t
PR g ke SRR RGP e or 5

pol ypepti de sequences are identical on a
resi due- by-resi due basis over a particular region of
cBragesse datristsond Aigpganisser cent age of sequence identity"

i s cal piél it RHoPMs CRIRAE kdWhribd¥® 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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optimally aligned sequences over that region of
conparison, determning the nunber of positions at

wokiogl3t7be | dentical nucleic acid base (e.g., PCT/US20Q3/031719

G U, or I, in the case of nucleic acids) occurs in

bot h sequences to yield the nunber of matched

positions, dividing 10 the nunber of nmatched positions

by the total nunmber of positions in the region of

@m’@ﬁ) i Asroaponist ofdhe plbteesevﬂrotdinwals Teradt) substautialiy lthei spingj arg subset of,

eq‘{ﬂsgg:!ﬂt b étl?Sé)? {yg(ﬁ)%l.?rgfl F ! Ce?h}egx?otggse ogeglg Nk antagonist

B@fh%lpli’ot%él pioBsn aan(iﬂlﬁbla Gﬁeedsri idre of thé adtivitips bf/tlnel ﬁhtﬁﬁll'y decurring form
se uence, mheregg t he Hucle i de co
{

é)ﬁq‘t@as? Rrofeim by, fopexp g]g eagglgﬁ G SPEgHarg é’ﬁ"éﬂﬂ as the protease

' 9&515' THus, BicefR b icad biféchAmh b8 BlidiRH 69 &Eaﬁn@ﬁlﬁltht ayvaalﬁﬁ}t of limited
often 90 fo 95 gercent 15 sequence identi.t
I

Junssipn.yInpne emhedimgni, Beatmeniof & seicsh with p ya W%ﬁ subset of the
SUTRAER DethvPicR of THe MBRERNG B¢ &R 0P hrodeif ATIBEISRI effects ina
region. imeric and FUsion Proteins The invention
auls ectpelativede tregmonteeithethe mtmﬁy eccgrringfennbef the protspseproteigs.
used herein, a 20 protease "chineric protein" or
"fusion protein" conprises a protease pol ypeptide
oxpmpadsisvel y-1i nked to a non-protease pol ypeptide. A"

r ot eas | ypept i refers to a polypeptide having
g‘ﬁeté?f%r?glglg'k’%’%gé}ﬁﬁ%tﬁ%se corresponding to one of the

scaf f @llglsindedwirih bednventoreira nethodsnmhibiting hpopmﬂm ndtls)pwsis also

the scaffol ds r ase b
sapunes pgsysg ST AEEE oo AR B & SRRRorE et RaRL b,
q&aﬂfo&gm’(bdﬂlﬁgni (53] di:v@lbpihg bfgahisms, both vmbbr% and 1nvertebrate cells die in

subst anti al | us to one of the sc

g iU PP PR FE LSRR A PO RO Eied PEeeRs: The

%&e&Mapbﬁoﬁﬁs icAaktédadby,at ﬁc&ﬂﬁﬁnﬁﬂ tcﬂ séiflefai eveandt Cells lose their
ﬁanlsn1 W thin ﬁaprotea e fusj |n t he

ﬂ‘é}ﬁg%nsﬁafl %@B‘fl dhecxiop ey ar g}rorga’an marginates into

p&{lﬁﬂ&f]omlsc?et@ﬁﬁ&sgﬁsﬁs e ah@éul fralgﬁhent@ ke @m@mm%ﬂﬁractsaand
pr ot ease fusion pr otein conmp ri ses at_| east one

bniechendisiang rifesompe bifewldswelywn@aﬁ%t%%%éﬂ%t% fhg englgplasmic

ARGLMGR 2RTROMLBE Rith 1R P sRlaSRSSrinéS ihe BelPbreAI8 P into several

conprises at |east 30 two blologlcally active portions

ohembrpresbaiad aesi¢len anapiotic hogies, whirhiarrysuglhRigeqryteecd by adjacent

%o(afeg aAg a%rﬁédt%n%gﬂlﬁfnguﬁ ﬁ@&lig%ﬁ@cl@hd&%eﬁt@ 'i&%aractenstlc of

bi ol ogi ca active portions of a protease protein.

Vtht: finad stages cff aponsesis POt etleavagdeaticrs gen be used as an in vifro assay for its
ReL AL Y&W Nétﬁpé§§7 315.1kNfppfed to indicate that the

pro ease pofypept & € non- prot ease pol ypepti de _

are fUsede aspecft,rthmvvnttoh pmvmeaa otelfed of BEatin®oPPrevnbi8d FB@optosis-

fP %Acé%%%og 1598 e:); %37% %,b;ﬁcﬂi% n@gcp th : o% asd?mﬁ) &l %ﬁ?gtetﬁ"tﬂecgﬁlgt%a% be

us or P nus o ease

pﬂhémp@mballiz&:ffebtﬁkfe@lﬁﬁ)uﬁmf admsmb-mhﬂh’e’r ﬁo,la?popimlp lsonlﬂblltedl g'he subject
GE prot ease fusion protein. |n%¥h rotgﬁ eat,

SH 08 8o SME AL &g A TUMRE: APHRA 08, cat, cow,

(KHrsH, o p1p.OMEe Srrh Fm%ﬁ@haﬁ@)ef@c@@q HRMGaBkat tlﬁth@h)uﬁﬂlﬁ’lpﬁmase-
proteins can facilitate the _purification of

r @b@ﬁﬁﬁ fa sarppl etveHds ussdh Vﬁé pficient quariitptoimsliprate the apoptosis-
ebasliientoradshe fusion protein is a Fc fusion in which

t he protease
An apoptosis associated disorder includes, for example, immunodeficiency diseases,

including AIDS/HIV, senescence, neurodegenerative diseases, any degenerative disorder,
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sequences are fused to the N-term nus of the Fc domain
fromimmunogl obulin G Such fusion proteins can have

w0 pnessesl phar macodynam c properties in vivo.PADU$2903/031719

anot her enbodi nent, the fusion protein is a protease

protein containing a heterol ogous signal sequence at

its NNtermnus. In certain host cells (e.g., mamali an

host cells), expression and/or secretion of protease
dschefiz and cepeefsdoh deflirdosttyncusaschéme itjetye mdérbyusoursiHigalalg, and the
ﬁﬁguence. A protease chineric or fusion protein of the
i'nventi on can be produced by standard 15 reconbi nant

DNA t egdningpigss f&@ﬁea@fﬁ@ﬁb@toﬂ\lﬁcfdd&@m deeatédigrdiqrare known

t he dlff ent tid uences are |igat
(10 Gissled Piben bR TRLAG e Lot et oS BEONA ladder

t BmHHoA U9 Sel efocBopholssisQRR b%bﬁﬂoi@hié%karﬁiﬁ@tﬁﬂl B electron microscopy.
st agger-ended termni fo igation, restriction

chheypare ancg@saml srdiboussd Wﬂ’@é fyrgpesggnesperatieisdior Ayimetry. Flow
fdﬁwnﬁ Hm%fra}ﬁ@ Qﬁ@%ﬁéﬁnﬁﬂ%@éureﬁﬁ% BR% (?Ht&lc Rl althifferent

osp ase treatnent to avoi d undesirabl joinin

v efoypetie metheds for Hgtebssssmentofanoptass meq%bbﬁmbmn dgeﬁcrli@ed
n t
DR ALBERE oA CHbnBHD A ORSTRY, RYaF AL 8 hethods measure
Aipbpiotiathangdsyn ceﬂ@lﬁy atapiing witlavdrons DN/gdyee (.o pRgidEm @_dlde (PD),
r I
tclgﬁgg %lp F%lrsé % 3?2%))/ ch_)\;{//eevﬁ1 @e%hl%a&egq?l\}‘\lg 'i:ﬁ Ij;lﬁnal I&Q&xgg c%f?eo\t;lgﬂflscﬁansferase
q&nmNEIa)gﬁramksrahMomamays}ndye elqu bednl dpvdﬂepeﬁr(ﬁealzma eamd Cancer Res

(BRI 45T, gl PR e b i AR BT B R we Anexin v

2for M@iﬂb?ﬁw@ﬂﬁ@ﬁ@%nn& ekp’bsﬂiéloﬁyhe&eﬁaﬁﬁace 319931)arker of apoptosis have

reover, SS n vect .Commerc
apacrampraty & Rablay TEeret ST Gyt SR gy taspage-3
Cﬁﬁvﬁp la pABL mﬂﬁér of Bellsin@éraing apupeadth ang kits!fr pér€orakinigtthis assays are

can be cloned into such an, expre n vector such that
t goEmqreiailngyaphie tyichalsopien@le N3 gﬁ ?%a?f%"”?ol%gﬁ)e pr ot ease

pr ot ei profldsdaQhe aSRinMEREH 16 cheaPdslcaApdsa BRAILS lishibilig its activity. Ina
invention also pertains to_variants of the protease

pl?féfe€P‘f‘1§m¥’%‘é‘Pe‘ftdh%P‘i°§?ﬁS%F§n b prainistesedfo gleave cagRRse-g¢ dhe protease
(éan%lso cl@a{‘r@a&th&%}otélﬁs ﬁ%l%d)ﬁl%@&ﬁoﬁ@& 20RRhA @tocM%fﬂe%nﬁlﬁnan Apaf-
the proteasé protein can be generated

rrbthag]éﬁ easpasedphyman q@bpase-¢1 lmegicapasers éiltlmémcwase -2, human BAD,
Ji PHunfia B30H,QARL{R3 th h

P%T ?2%8 Hfrg%nl?%g m%?%t erny. %‘}1 aglgs%l st of t t ese proteins, the

pproteemherghyonmnnatgsaﬂ;emelraﬁhw msayipet theproteasecan he u@éﬁ@mhﬁmt
aH t of, the biological activities of the

ndtarar y occurr| ng formof the protease protein. An

ant agdniasdtherabpechapoptosit ésdsls'bmddneicnll baeontaghinga tellomith oprotease in

Les ura cyrting, form
ot et bt EBorthy’ s Hotarkn R st LRES"
Saﬁimcteamg&ﬂ; thp Ipﬁttt@ﬂse’lcasbetahyempﬁhﬁr (aﬁs&}lsﬁ eproat et nnore'Eblls and can be

ecific hiological effects n be

* PR o6 oh o e ke e Ehe Eerage gl R rofsgecprgein,or
effh@ﬂkﬁﬂ Rdith atgoBatisTedHde Hat 8ncoBkY tREprowated a vari ant
havi ng a subset of the biological activities of the
naturally occurring formof the protein has fewer side
epfanl ?ffﬁdﬁcz YPbssdis rel ative to treatment with the

nat ural I'y occu ng formof the dprot ease protejns.
Also included i 1n 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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10 Apoptosis Methods of Inhibiting Apoptosis Also
included in the invention are nethods inhibiting

W@pwpostsss. Apoptosis, also known as programedr/ogton3/031719

death, plays a role in devel opnent, aging and in

various pathologic conditions. In devel oping

organi sns, both vertebrate and invertebrate, cells die

in 15 particular positions at particular tinmes as part
cshfﬂctwt todndret apaptgsiso Jhn etlijet pandoess, any mnnmimﬁwtme g.a

2 \C/) )arnog Iéﬁ‘tt o%r a ltchgvf oogrsceje, ?%jelgr tvan?+s as ényésttgg%utsb?e’ct i3 susceptible
ﬁbeﬁmmuhhnambhmnmyﬂﬁ@hmsn1condenses and nuclear

chromati n mar S. into nunher of discre

s Sad PREREAN R B HeRAGT APRGEEY SpeYt- Examples of an

%ﬂtaﬁl?i béni@etpothd ReTas) Bt de adtdintited s Qﬁﬁ‘ésﬂi@ﬁl@ﬁ@ 1nh1b1tor, an
dense conmpacted. After dllatlo of t.he end 3 pl asmi

APIGeERAGTIYA St Eoctom bR, iR 1@%@6}3?%5’% h%?ranlébltor 2

t18e16€ddrivBd £33 MBtot ﬂﬁﬂut&ey &lafix moBIREABRe PMMP; inhibitor, an
vesi cl es, apoptotic bodi es, which are usual

pn@@mylp@%dn@vera@ plabe mterf%lmnésmbmrcftwad ﬁgﬁéd@qkahl%pentosan
[

SHARTBLL, g e 60 SR e, (VS

cdyelavu@nqsaﬂtlelnbn@rmxbomamnd@uaw mahydrwortn@l,agglhmasmn A-4,

[ e

I stﬁﬁ%lﬁlgﬁlg% DS d%fo‘%?a&g&{ %ﬁ{}".‘é&%l)o%nﬁagl g:gﬂc?onﬁﬁ% taﬂégs‘%:ltgl gfﬁlostatm

ﬂn&aﬁmmgmmmﬁﬂpéwEﬁVE@@Jﬁmda#EWMGgmémvabsﬂmnaped

? Ios ? L gg é%r{%g alfosdlgnbl&? ¢ t’[he otQ esee ‘1js 1%1{11?61‘ %g %fergcg &}gﬁo G et%otl%gapeuuc

acopfpetlmiasmeamptés bf tl@moﬂm@pmtoommunds mchi’dlebmt et nofllireited to,

subj.ec C be'e.qg., any |, e.g.,. ahuman
SRS TS oG mind bR i eittatind SHied -FU)
hasthetrexate (MITXK), ddeetaked) vincristie aptadtin, matddizalé, ftﬁﬂ;idside etopos1de,
neans t.hat e anount. of pro eas 30 i.nhi bjtor

S SIS SR ue, oo Shegh Apep L et g By iorantrone,

aﬁﬁhhﬂﬁﬁﬁﬁn&ﬁﬁ“ﬁﬂ&QMQ&hS- aSSOCIated di sorder. An
apopt osi s _associ at ed dlsor er |ncI s, for exa %
i nundA éF‘?tE‘?réﬁ??ﬁt APPisisdgin “‘ieﬁé‘P oo ﬂt}’ CRNBEHTg a\Fel with'a protease in
SRl ficiéle W fﬁﬂ&ﬁ%ﬁ@ﬁt@ﬁé VEhe@RES B@i®Sion #AY is exposed to, i.e.,
degener ati ve di sorder, 8 WD 2004/031733
PeoTtackSd (Gt e protepse Gande éﬁi‘( punbey of esblerifey Ope pr e (cells, and can be
d&8tiRed ASHFE il $64) %Fb@vzbd"] T'HeY:ellé ahes Ebﬁtécttéﬁ' with the protease protein, or
wound- heal i ng, and the . Many net hods for
neensieeted g’lth@@@b’@wl@f)tldp ﬁh?lt Empfl@ thegeasgescri bed herein,
are k t -
Li i t g%% dlsteQ e cjaﬁ gé‘éﬁ a(lgc?%% t df)t!(;j g@o fe{r%n%filﬂt g%a d&é&hv@@éwm
f mgmiamcnmf apo)pt@ed melhaeaffeptgfb bdlse& msexam@leoneombmh@rsldg ptleast in part,
. (o! L G

TSR SR Pl S B R Y SpaRly o
f d:ahlvdeatmsfgmi's r Jurtheloove, soyeMNA viyusse suchtas EpsaqandBaarvut'us African
quantitative urenent s t ot
o7 vt e RS et R SR Hferiinsh Doyl B fpeir ov
ofepAgfiph.QSitlte dathe@idld, thel ﬁib&ulble @poH&iLd Iré;ﬁéi;s cell death and allow the
(Dar zynki ewi cz et al tonetr 1% 795-808, 19 2
Migeget ¢l tp R uﬁ%@ﬁ BHES PyeL ceftain disease conditions suc

lymphoproliferative conditions, cancer including drug resistant cancer, arthritis,

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

death regulation. In such disease conditions, it is desirable to promote apoptotic mechanisms.
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10 apoptotic changes in cells by staining with various
DNA dyes (i.e. propidiumiodide (Pl), DAPlI, Hoechst

w@3®4a3173however, techni ques using the termn naPCT/US2003/031719

deoxynucl eoti dyl transferase (TUNNEL) or nick
transl ati on assays have al so been devel oped (CGorczyca
et al., Cancer Res 53: 1945-1951, 1993). Recently,
rapid flow cytonmetric staining nethods that use
Annexin V for detection of phosphatidyl serine
exposure on the cell surf rker of apoptosis
have 15 becone connercial?@fégéqﬁgga The newest flow
cytometric assays neasure caspase-3 activity, an

early marker of ceIIs under gln%'%ﬁ&otgfis and kits
figranipds 1 o epargtiopand sorageof £3994 € al ly avail abl e
(N chahs@md @}pe a4t gran%!ﬁhé‘ B%oﬁsmct @%ﬁé’pﬂreﬂ%Q Ggscribed prev10us1y (Harris

pr ot ease ca to cleave a caspas

teﬁ ak.dBg 1908, @V%)i 47@}61*%3733& Tl%ﬁ fpljowing pgjnt @P@P@f%f‘de introduced into
I@%%tplalan@ NY19ACREBICRA1HE, 19@(”19915 [y d(1t7@ACY?ﬁNe Each

cas ase- he ‘protease 20 can al so cl’'eavé ot her
pnm.tatmnrms iconfiringd by isevuenrong with priracrg o, the idMX egd Hd¥Poregions,

thlA% %gstrAg %]én%aMOH 5 AARARE 5 egectlﬁﬁl R Z%g%xq ﬁ%ﬁm@ en, La Jolla

uman caspase-
RLA). prrmnorBaﬁM pukificaion Iﬂkﬁ@c;h ariaftuweaiidegnbical tdthe (ptes'wuslyl gescribed

e Br S B b B BPSE S A B b Bl 277,

i nhi biThe pRpARS @BgAnzydfe B Wasinohizd bt RePeotan aiaphossing ths

| nht(bl Led éﬁratagﬁl%g%ﬁﬁ%{ g?ﬂﬁf‘f el &%u’iaatg%gwkﬁ \lﬂl{f‘l‘] praimers to introduce
%@@A%&au&ﬁhﬁ:r@ qiokwaﬂ@ pimet: ICUA GU@ITA’BAMDIISEMCDACA GCC TCC

the protease can he a
OAREGACRTE NG CahtdsB TR Bevese patmp om0t BATE c arT
RE@Xicled TG (it AGA ATWIHOCGE! TGN (SEQ’ID NO®). q:e#émaa@ chain
contacted with the protease protei or__transfected

viierdtion wa&m@mm@@tmgj@e g itynsslenbie §tfétn|4€d BNGy thedwo prprers
NReAReGhe OEHGH, ageaea&psmer SINAPBOarided DRRADolndriR. After 30

i nvention are net ods of du0|ng apopt05|s In one
aopedstof agpgaliEsai @mpbﬁ%ﬁémdweﬂqﬁwg wisp eteppedn The egzyme Dpnl was

VSO0 S SR BB BRATc Pak b i The e Hing icked

apYptstsidsis tFmformgh jinde bactwia. BPesetection againgt Zagpimensures only positive
Y
c,[lé)x%?(v?th %?ovxg 'I‘hef}xrllut%tg&rﬁ?\(’; isC %ﬁég bg %&1 «ﬁl%th Bzyn?é)ﬁvgene The
saasre@mtodmll was mssd temaerthoremainieg graizymg ﬂi’sndﬂast@,r\mh apprupriate
pr.ot ease,.can, be .adni ni stered with an anti-angi ogenic

cﬂﬁﬁ% the BRASSTSEFSan 5 anti - angi ogeni ¢ conpound
inclu dlel.e HNA cétgining thel viarfhrit gdmtgtme B ptofeanss WIB thansfased into Pichia

: ]:;]ﬂr%{ogllﬁ |[3 ?elg%itﬁ%%ﬁggﬁlpgog%r E?@R}M ?Plaftg P(g}tlve transformants were

| §¥cRidt@ih.ZeBcin PITRE &J1Gty-vokR ttaefelregi o Wil 1. fi@td @lture and grown to a cell
inhibitor, a matrix netalloprotease

agensitynef %qalthi }@pmp 1:0q tPé?tFlglemeﬁ}Oﬁl&%S 1nduc<gH1 by tlhe aédltlon of 0.5%

| pb@hdot Eﬂhélcpwﬁ%ﬁ)tl R0 o8sn T%Q)’unf}fﬂl@%rﬁﬁ Iﬁtea%g the culture was
pentosan polysulfate, a c cl ooxydenase i nhj bi t or,

nesgifegediand phegmqrnqtemt p%ﬂm@ oﬁgpv qu}oad@g 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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10 cycl ooxygenase-2 inhibitor, carboxyam dotri azol e,
tetrahydrocortizol, conbretastatin A-4, squal am ne,

W@®2004/081765 oacet yl - car bonyl ) -fumagi | | ol , thal i dpen/tis2003/031719

angi ostatin, endostatin, troponin-1, an antibody to

VEGF, platelet factor 4 or thronbospondin. In sone

enbodi nents, the protease is further adm nistered with

a chenot herapeutic conpound. Exanples of

ahBER g p O MAN L apd Ut 36 Na Ol (e restiting pioeaseowas <90% pure. The

AbiSrat parsepeed o hiiendlt lato SPNEEhRE 100 mM NaCt fo

(giorE%é)atMmst hotrexate (MIX), docetaxel, vincristin,
vi nbl asti n,,  nocodazol e, .t eni posi de, etop05|de

adr i afyierRiivelpdeliewinaguriticaen 5o aniant w3 grambiatad, by absorbance at

CERORANEINOS! 1000 %-%1&1019 PRk, wiilH W L OtitPor Mm 8&kih g prev1ous]y
e irubicin or jdarubicin, In another aspect, apoptos

serivgdhcaehangedaintoe hutfsy o WHmMERPIHO. eenql 190 m aCl and stored at 4
purcot ease in 20 an anmount sufficient to induce
apopt osis. The cell population that is exposed to,

e., contacted with, the protease can be any nunber

oﬁxa llcltL, g Skntﬁéils %cheenn%gf &éb P%sm%]ﬁ S%%lﬁnégglémrgrilgsan

provi OF "ex VI VO
beCC'dtmacSIyethemt h the prot ease pr ot ei n,

transf,]elg:t ed wth a ynucl eoti de thatdbe codes% 4
pr ot edse O CHHE A LELL se cgtﬁcdﬁ‘c Vdasspr%Praée &S %m?]ﬁcéoumam' i

deeed aphwith Fmbcall defAeihbooemeini-a2dicheid 1 et g,015.6afimol) and H,O (228

ﬁlggpteg%:ni}gd eabl-u ] (t)3 (f3 E?? ZZSd g G lob “gg.ﬂgéed ) Flgﬁ'b gchtlons followed by the

aquapioa st scetons (ZA8aily. FhedoRution wakbadledogitt atﬂl’:@l)dtﬁ afidFh6ACl (10.7 g,
r opr.i at el

%ﬂ% %'g}%ﬁb?% addhuitsgridy oioe c‘é‘ﬁieﬁ’f!dd’ Eﬁ]@f@%&%%sﬁemoved and the

Violitn wak Eﬂnﬁe’ﬂrbveﬁi/ghﬂ eTHeNEond kdstEmand vABRBRAY} &vdBoration and the
para5| tize the host cellular nmachinery to drive their

otRFPltnepInRasqlidrivas spliqered by diligation apd Weshed Wit sryPil Rortions of hexane.
aRoplesh S Prepatid BpconaailshticheaRimandid AN Vst \@itB L Fmoc-

target cell to reproduce the virus. Mreover, certain
iBaeumeEpdiacetisrsid Rink Amida AMapmRbIZ Femmol)ywes solvated with

CORNGH (2OPRAD: ThE RERhre! i hHithdd oM diin' 88 b RH vith A MRE %arr]mula

art hr| tis, I nfl ammat |1 on, aut ol mmune di seases and

| Vheseupay 20% pineridine srPMFIB0Mmens ddedo A fist agitatipn fofa%min, the resin
r@gsuilil % O wWalhed4fith ﬂm%@%iﬁleg 066 b han)s 7-Fhhod. %rn%coumarm-4-acet1c

eS|ra e to pronote apoptotlc nmec 1 SINB.
200d(16 %13‘8@111@0]1‘1082 008¢,03 1 d), aEKBVALES) Elamgt edded, followed by
Pr. S
t @1%@&%@%1&980(@1%9@ {I%&@gﬁ g%luélzgglgf\%lg g’ﬁeé%g{ﬁ% g w%s lgl&e‘ﬁ‘ olvgrmght
dBkared, b'eshe@ (IeMiFo thedeytinfdslawrithi 200 mdf tetadhydrofBa, tlit@eQﬁmes with 200 ml;

REPHy (i et it dona At o Do o TR ST Fesin was

N2 38Mmol/g 94959998 BeterhBifidd byWicbAnalydig4V. Each rmutation
zconflrrred g sequencing wWith prinmers to the 5" AOX
ahtrDyerekibrag tesi3f ol | owed by transformation into

X33 ¢ thﬁldﬁﬂ(Plss%bﬁﬁﬁtbd)f*‘m&—ﬁlhmg@@i@ ATl (LEDREID. o1lsanmol) was
Jolla 10 CA). gr ession and purification for each

vafdpain wellso! p HBHECRem 945l Fractmappasiiay. ylhgaadn-pontaning wells were

R g DMF d, Stnm; eAft@rtﬁlﬁe{tﬁ)H Zmplﬁel{d'i?é' i TVF SSluin (0.5 ml) was
JBC, 1998, 364- 2737

added followed y agltatlon 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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The protease rat granzyne B was nutated at Ile 99 to
an Al ani ne using the Qi kChange (Stratagene) nethod

wo@R008/081533li rect ed nut at genesi s. DNA prinmers toPCT/US2003/031719

i ntroduce the 199A nutation were: Forward 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

GEC TGT CTT AGA ATT ATA CGC TGG (SEQ ID NO5). A

peslkjneti mbsure hEFmoc-pmerrigh [4dbmmehd@ ca opt welh Frgemino acid, mol %:

Vﬁn&oq: -ANRSH d304J %kn%c g@%ge@H % Flﬁot&eAstn 0 ??%,[@g,?ﬁ]‘gﬁ;%sp(o-t-Bu)-

overl appi g a r'eaction
i, lh@ntow(}lpm yBe)r -QEle3.6 A maerGROTr)rQiNY3; Hafoca@ivei) 21¢ Fmoc-

RS AR o B Ot 2l PP e ¢ RLPRPF S G5 g2 P

QUBGH, 13, 8’;@‘nﬁc-l?h€i—0‘l—1 ad; bave-PpaOH, 4anﬂnbd?§er(@-$-ﬂﬂu) -0f 2.8; Fmoc-

OhelEpyRD B, T B A3 LR CEghT A BABO b syt on

V113) wak PiactivRRd MithaTC (BY0QS, 20b!)emd }HthS(squﬁgcz ﬁﬁlmol) in DMF
the %tanzyme Brh(gene The sarreaﬁﬁr ot oco qu sed
fad ) Hde selptio ﬁdnlé P’Vﬁﬁﬁ%@ toeaghy pLthe g/ellw reaction block was

LOPFdr BHEiltGEARAE Fadhdd WG DME GHRB titheP Wit B55m1).2PhelBifdomized
contai ning the vari ant granzyne B proteases was

th3zand P4 magtionsirese cempated jnde éqrmesmmr c“éhq Fgnagyof ligeP4 amino acid
%lrsr?&?eq aRd Bk G wis! vva\éhéd' \Qﬁ’}?ﬁ)\/ﬂﬁ(ﬂgeé #BeRPR 6.5 ¥fl) and treated with

transtormants were selected wth Zeocin. The col ony

vibs mi penpping selution of ACQH (158 i, & SoumprROBHE4Y mawh 5 m;nfsl) and
I
Cﬁﬂdl éségﬁﬁsi 5 }fmﬁxfl) DR Plk())yrﬁ ? h eﬁgﬁ@?tr ag#atgén g‘% g%sﬁi Was washed with

eXpr €SSi o was 1N uced
@Mlﬁe(ﬂlme toomes Wl O mbrasd £itCh(@reeTizneh ouith ). 5 MY, qud tiedtyd with a

et 805 2R R LA A Gi: PR SO s cpene

fdnd\pﬁxded brea Qﬁalqhiep-m&ﬂlamr piateand the ﬁéllsSeqzlh anged “ﬁh&ﬂdlﬁbml\pleavage

nﬁ i “ﬁ’/@ g%x C Ef%@*g(gs m%o 3@&%’1%?5?“ &3%%%\/\0%%6 Vif? O S dvq-u? D291 in the

Vﬂubhra&@cdﬁihﬂlﬂ&@velpslﬂlaﬁ Adiluted SOhAONACS ml) ﬁi’d&:oﬁcﬁeﬂtrﬁbdltmm The

el ut t he col

aeteat obinb i) Wil e Hep et AR B g fors hiea

MoSunpéf sﬁb@nateﬁ%d‘d&@ell&% cﬁndér\ithl timbtea t¢ BS010063amol (50%) on
<90% puyre. The I nal protease was

gt %%?ﬁg’édwgfﬁ&fé‘&ﬁ%é‘#?%t?%d into 50nM MES, pH 6.0, 100

ndd-Nael Lipbry sshipesige at 4 C. Alternatively, follow ng

purification, each variant was quantjtated by

absor BAWEgramy quanjities ghR) -pubsiggted TeRICORM by | Smthqsrzail Byjthe

Whito desHiibBE BEQLARIG heilBtREAATT ﬁ:%ml% n&aey@lhw wells of a 96-
descri bed, exchanged into a buffer of

6vel magtiontpckamuilitmnrios epre daseied by the gecopd ﬁE%bm}t@n;é& P3,P2) of 19
%ﬁgﬁg gﬁhss(c%f%nei&{s%%ﬂﬁéwarﬁ ﬁﬁgé Ie(s%@a{stsﬁ&ﬂﬁlted%ﬁﬂ&hﬂgme). Synthesis,

raries CC-Resi n Synthesis o ]
Teapping.-aadicleowge nbithe substraterwere ideniich] toethosgdegsribestin/fye previous

S 0 L ASGOMIEC o, 6 A A B s

HA®nfde2mino acid monomer, 5 eq of DICI, and 5 eq of HOBt in DMF), rather than

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 pM. Variant proteases were diluted in granzyme activity buffer (50 mM Na Hepes,
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m) were m xed. NaHCO3 (3.92 g, 45.6 mmol) was added
in small portions followed by the addition of acetone

W@ 208/08d733 The sol ution was cooled with an i ceP@HUR003/031719

and Fnoc-Cl (10.7 g, 15 41.5 nmmol) was added with
stirring over the course of 1 h. The ice bath was
renmoved and the solution was stirred overnight. The
acetone was renoved with rotary evaporation and the

r 535810 1 000mNILINGGI, 6.01% d'weas-20)ab kederatiops batlvédnadoi M a@ U pM. Initial
was.hed vath seye ortions of. hexane. ACC-resin was
p?"@‘ﬁ‘éﬁ %%ﬁ‘“ﬁﬁ/ o] g‘ﬁ?}%%@é "G ugee tep RStﬁ}ﬂVGEa‘)&IPFQt@é? fongETttion to one
7&@%at§l‘§‘eﬁ@£ QISOPANI i tﬁﬁﬁtaf é\raﬁk‘j?hl@ B. R A Q:%v@Mn the P1-Asp

resin (21 g, 17 mmol) was solvated wth 20
miibrary s a?ﬁaXftdlfP’é"%d@“b‘ﬁ 30 3¢ ed afSpectracMpt Pelé?ri@omme@eé {@sapnpany

' a
V[\)ﬁl\)a:t:ﬁbe 2]8%&14# L6 arﬁlaeﬂﬂ wer ehulHay 3@(911{91 Qﬁ ¥o! rg%r}%ph(?hvely.

vvasa After agltatlon
the resin was flltered and washed with DMF (3 tines,

ZEQ%;ﬁhe %aﬂ){ﬁl\’lﬂ@[@gﬁgﬂieg%gﬁ Io;“I a‘épﬂtﬂiﬂi‘“f%giod m( )15

wer e elddimdlpalﬂmieltlo mdsuquenth waoperfipykd asitppal Spaciraldlax Delta

| Cl 5.3.n e, m xtur i.tate
Pty Baeibrpiert ol gt S eehnb ot Fr o ih B putier. Al
2R0Chbstlart WIRYHERLH WiV D fcﬁ%t&éeﬁ@vsanWSD@ pROQWIE AMC substrates
MeOH, three times with 200 m ), and dried over P205.

Thiere dilisd fo hetiesm 20 @0dPOMYFHNL Bachenssay oppiginedlessthamEftoNeSO.

(SR, LRGPP B0 ot o S e

acfli 330 AGCndel$D nmy reBpectivgly, Gor(Hl8tahmibl ) minatss. A1 assdykedert performed in
I a Multi Chem 96-wel | reaction apparatus. The

re3| n-containing wells were solvated wth DVF (0.5

Arttiemethod Wasansled)m sc%ﬁﬂ%Apgamz@nﬁeB [ IH9A)Ig‘FanSﬁh¢Jtvhﬂﬁoﬁled ina

T%°§1fee?1)sgan8fngt°ﬂ Pt DR AT Ay gp gt e Riotaton.

V\THISehlﬁgarwWab piabhred hd’ﬂ&ﬁjﬂgd aBsve\ahd Alidhoted fihtd 93 g@\l/l\glates to a final

i nt roduce t zed P2 position, an ..
TR G BN D IB0RT O DrotEe Peb it e pLRegvisy buffer (50
FROCNE Miepsd, 518 I8®§ 1do4mﬁl mml 0. 011% ToeR20) 18R bhcentrdiREs e 50 nM
acid, nol % Froc- Ar g( Pbf

Pl iy Eﬂi?ftl)actdlry asalgst A@n‘@EDPéMFd’%S Ysed © aéﬂsz the sanagt Plotesse
FdEHh@erfaa‘ei&IQDtong §HimalyGquilt® so Bvnkild ?}) ! aRzydie B. I(Eil_lzymauc

Fnoc- Fnoc i S(Trt) noc- 11 e-
13etiity et 1465 o, assaaf%ﬂ(:for;%e(fwe JLIOC g the Sireise-Mix Delta
l\hlﬁ)rgféte@ E§@1taﬁﬂi? anP Jﬁﬁssgﬁ wee %eaﬁ%it Eﬁ@nrgﬁlnd 4’603nm respectlvely

Frnoc- Ser (O 8,

Fﬁbﬁcprcrﬁlp{ B”dbs gl@wyn@ lévarmmsoverg/w(r@aredm )hemld 1ztpe]proﬁle and the

;ﬂgfgrem}@s d:ga'mlaéct'@]r thfgg%@ {n%?d?l& 'f%r%g( l%@” thg pgk}@:lt}( %3&: 132 amino

nicd W'a'malkcxﬂ}a theoged fiord thel Wildispse. atidddmicn bmad hre:ﬁefreltch avith a slight

d.f
}I\fljfv#egenc H)? gfo?gg S r%)q%c%d (\)V%El %ﬁa %ﬁ L getéxge% for g%dro }{oﬁlcde%dues such as
nPhe. an'cl[l’Ier r'Biedeletthery of i@ viedarapebtddde pasailid chasgede Mhe wild type was

AR 8 e SO L B BB i gt ot s

DMI_e I@PJ%I peRedst KBSucHinidie fbldetind.) A @H@jattth@‘m até 1§'\bﬁaférre@ tooa lli’ﬂlch higher
pi ng _solution of AcOH (150 |, 2.5 mmol),
( HFC in agy Qt}]ﬁfﬁ}ll}lo agjd §See Table 5, above).
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DC (390 I, 2.5 nmol) in DM (10 m). After 4 h of
agitation, the resin was washed with DM (three tines

wowaoh/odL733 m ) and CH2C 2 (three tinmes wth 0. 5pei/ps20ama31719

treated with a 15 solution of 95:2.5:2.5 TFA/ TI S/ H2O.

After incubation for 1 h the reaction bl ock was opened

and placed on a 96-deep-well titer plate and the wells
were washed with additional cleavage solution (twce
wExampled. Rrgteolytieclesyage and naciivation ofgimerorrseesisfacteriand tumor
AR rbBrabR} B&defori N the substrate-containing wells

was diluted wth EtOH (0.5 m) and concentrated tw ce.
TReceptoopleemge of the individual wells were |yophilized
from | 2 of .

subst P e hedpfife (VAR ol RincpEryBITSH o Mty m e 1640
bwith Oa%fétahmﬁ se('dﬁﬁ)%CS() and inbﬁ?batbﬂsmm atioys @hckmtafiorsionplotease,

oS0 a8t S R BB DORH LA stiona 57
Symtehmn]ﬂbld)rbwdehddemfshpdie réz&:fﬁﬁii hitEle alnb®@E oAMNRR released into the
aci&i substltut s&oﬁgs placed in 57 wells of a
oB® lig"a%‘faimlﬁa? &‘F‘F‘% L4 ubl i brari es were denot ed
bynFhgasgeond fixed position (P4, P3, P2) of 19 am no

aci ds cystei ne was om tted and _norl euci ne was
subst i t TS FOHPOG e vrsinrapatedsyih wasying conceniiiongof ppigase and

CineR YA esHerd Bisiled PSS PARTE Wahk heRp Eﬂ(ﬁﬁlam ad bR 9§ %,

described in the previous section, wth the exception

t PRivachmige gel pGelsyrae fedsu exnmsed foasray filra(Keodaldat —#hicao
afm"{d@nge‘gs gPf Fnoc-amno acid nononer, 5 eq of DI,

and 5 gq of HOBt in DWF), rather than 30 i soki netic

m xt ur 6&TNReor @M Everepmldwtedl with vetyggspatenaitiops afiptoesseds above.

Pfhe lPﬁ)ﬁmé’Sf 19@%&%@@ 20 n%roP chdel B ) ?ﬁ’l\%l (.Iwrth?e bcgggg } normal I

di ver se and I natori a bratries
CENF telMNauposad tajgstendehorhs apantigatedlistng scintiflationnd@siefly, 10° cells

L ' | at es tiny i.n C ent.ra . )
AR RHed Rl v Elrico Rk bR So S ENF R Btrfef HiBER G b hipore) n
athe '/pm'setnye bilfrbease (@ Gbitoks. NeelIskeyeesthertBashel 2064103 by Idcuum aspiration
PCT, 31719. 8. 00 MM , O

RO PR i wateed wenbi i eofhivalbSainifation was then
| ¢Yuhifedon a 3Cdllay MiyroBgdRbouilat6 doahier. ANRapi@SHds Osh K &sel et al, J.
ust k&e vari ant o ot ease concentration to one
Bhmenel hBa) T i T andPaener - el B 26 g5 0).
Enzymatic activity in the P1-Asp |library was assayed

for one hour at 30 C on a Spectra-Max Delta
flourineter (conpany 5 nane). Excitation and em ssion

V\Efaﬁn]IﬂF as SEI@&mﬁtof #3 IH bitaft Pré idd §e§ﬁ?ﬁéei li'ég’A[‘arget

I ndi vidual Kinetic I\/lea ur enen
@knmﬁ@sgglﬂmteWMgemlmy C measurenents were

per f or. er
prot e g‘sﬁg %&ﬁ s%m%gﬁ?t%ﬁ %Je é%ﬁnﬁg :QIP%E P%cesésggygigr Mi3
betfagemorphp genesisj (lﬂ@flasmﬁmpaakagmg\a@ld vehiithuineetho with ﬂdéﬁ@ge origin

SR 00 o AN ERB L1 55! Sy o

| cﬁmn tfreplichonyrEiiv) 1&“&2’(}’dmh a@ipRillin WsistndWBgeneroNi t or ed

every .15 seconds at e ation and e

vavel HBEREbgHonsBen fiteit: Bge P of BBRECOR ol 9 inpgfplasmid

aorigi &l refsifcatiéh fVdIsHRBagafibh oBES AdTor R IR IRRI taBleABE ab B 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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1% DMSO. 15 This nethod was used to screen 199A
granzyne B. 199A granzyne was profiled in a

w@emuns1oskl scanni ng conbi natorial substrate |POI/ES2003/031719

determine the effect of the nutation. The library was
prepared as descri bed above and aliquoted into 96-wel |
plates to a final concentration of 250 M The vari ant

protease was diluted in granzynme activity buffer (50
niviegendeapefsthe pificeniphagplikamppigdion of el FmednBe @irtue of the

CEPAGTE RLiaRs P MR A So A it il Pl poctasingof

vetragemid PN Ateaphage particlesit rat i on t o one approxi mately

equal t0. 50.pMw ld t r.at granz B. matic . .

S vittgion R B et Se &8 e fiftler e BRPLE esin t S Potploteins can be

heastnated3Ring sfgﬁddnﬂ] elofipg afeft@ddd/ESidhg IMezhodE ﬁﬂﬂiﬂyﬁ‘ﬁlc@&h 2000, V328,
i.tati on_and em.ssion were neasured at 380 nm and .

B hoft PRRBoriL oty O HEnS DR B Egte epreing B pipHEscHs then

V@ibplaRH on IR sBr R HIM BthsaQudidifio\Whd ¢3 drpREMPS 8dalt bR teditthnd panned

the 25 differences determ ned. For the 199A nutant,

f g instamipmobilizad aldshrderdoptaininerertidreopospanding to the fageefielsavage of
TREEH! e RAARASOWill R helabikr EMFoRE Pdledtt Hboissile

preference w ht preference for prolineis
r epid o Ehe prptedse.howey e rigis praddie degsaet Misrfereyritoprpletsegecognition of the

| AP o Brofchsc B AAandge wicl HSecfit A6H i e oftizddfrger
ppm&ﬂgwﬂgbigd txtangplepepidesnobisd pbﬁeg,h’g/l&rﬁab yori-spgeifio pbagearil e washed
oy, AR5 BB BRI ARIAT it bRRasct i il B el it towards
i the pargdt eequentetcan be isvletad hThghterget stegpmeecantizam tsyntbe¢sived without the
am i Tabl e .5, . .44 2004/.03173

SRS ISR Lo AR e R RO RIS,

i nactivation of tunbr necrosis factor and tunor

ngcr osi ctor.receptor. Receptor .cleayage. Freshly
"E&mpIed: TR ST O Bl o srrrute SO SGen Ty 107

ca) PBlwbrse D1 1640 5 with 0.2%fetal calf serum

(FCS) a&nd i ncubated with various concentrations of
prot ead@: SYBESEi fic for the stalk region of TNF-R or

TNF- R2{ndi9~_fdhﬁ@g?suﬁsﬂtﬂecﬂﬁnﬂé-glging@bﬁb@I@@fbsﬁh:](cﬁ 35 &g, 0.013 mmol) was
pr t ease nni pLtor were a e to Stopt e reaction

aed FPeW%ﬂwgﬁM‘B‘F-C R vred reaptian appatagst Hae resifogtajpirg wells were
OlsbvHitd dhvaEOMIS (0 BAniB)L [ASAY% Bpehid@he in DWIF 6bI88KAOS: miL Pwas added

1251 - TNF (40, 000 cpm was incubated with varyi nﬁ
cBHewrd Patgiiahen Br 3‘5@@1- ekhsavell af the Fraptiodigpkeecrgilieged and washed

b@ith BAlF BxBBMPRTR @R Bt Bl rAHAImEXE B PEGAN aftisdiiRtic

pol yacr% amde gel. Cels were dried and exposed to

xmiiyee (stresikd i 7 alt, (1994) Biopaimetsi3Ad 58l Oeei Fayoc-amino acids (4.8

1 E e b, W L XA . . -

oL, e ek Bl oSG0 b b MR, I pa(Fb-OE

06.51B150c-AMK T8k Pls £4; FroopAgi(@edig-Q 3rfo Fmab-GAR-t-Br)-OHe3.6;

bR RGL B fi)-B8 58! r62b1y-0H, 2.9; Fmoc-His(Txt)-OH, 3.5; Fmoc-Tle-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-
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 reaction block was agitated for 3 h, filtered, and washed with
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TNF to PWN exposed to proteases, was quantitated using
scintillation. Briefly, 105 cells were incubated with

wo arogiosig3xzoncentrati ons of 1251 -TNF in 96- wel | PET/US®03/031719

plates (MIlipore) in the 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

R F { heme205 &nﬂL)nf[hejrandomleth3 acl M mositiors were mcorporated in the same

Sannée, 18 e oF e B Blind 408 bl bl B0 KGR R v ilhed witn DMF
aBx 0.5H80, 40i3hded 26018840 2385 pHg solufvasPAOH (150 uL, 2.5 mmol),

o e Bmecs.g ool e SR B0 i P UE DD B AS. Afer 4h of

Eagﬁﬂmyth@i@npmm&h With DSk 0<5t1ﬁIJ) SEEEOIZ m@a 5 hiL) (dndl treated with

carri es al ,J'gﬁnes necessary

Ao geﬁ%@@ § X XTHA/TIY/ HeQy Aﬁé@nalbgmfgga héhesrpgsﬁgp block was
Ypldd an bﬁ&&?&ﬁa 4 dedp v tROERe AHd B RellsQferk §RiHeE Hith @lditional

to 1nitiate prod uctlon of single-stranded DNA; (iii)

icleagagersplion (24iOst mpd- e Bhepiedletion plateives aoncentipied.@ad thesubstrate-
%ﬁgta(nliﬁlgowélfs wedd ﬁﬂu?ecd With E‘R?* Ed f% Jnt? ar[fﬁ héén?rgt‘é& tvgi%] el’he?tgntents of

e cofbination o I'Clen age orig
rtb@indwa:hmbwelhrmbrcaIyOthmdtfrqmﬂl &8N Hz@rmlgtumso"fhe total amount of

| Feob

s%g{t}agegéltegc?ﬁ \{Jjeﬁ%vxg%s ch{e %ga% %Hna?édéélﬂg Pégﬁ Igngﬁoli {158 /0? gerlsr%d upon
Bhigljis ofsidpr subdtmresas a phage. It can therefore be

i nt aj it kil the host. Furth ,
G iy o oot P e e
repl i Gabeortent¥lor 008o@3lyTid 3nd3aiks Wa2 083 (RN B Absorbance measured at
' f ot { t
R TBRRBEN. 6 asg v fon S bloen BR10eR) [ RREgR L ps gevatvtically

ORHAGe thidhebil,Pldshiin, ﬁ@ﬁs@,&P&!’IﬂiA fah® chynvit§psih Wad gifaftitated by active-site

SRR M e G b B gy

ggnqoa 1e7).gene 8 M 13 coat protel ns can be
constructed using standard cI oni ng net hads. (Si dhu
m

Met hochdbstrptes ¢ 88y Claotsee digrgbigd in BXIEE), Amroxmately 1.0x10” mol

CEERAAIL Y, B-Alrk Ry 21 3 effsub ﬁBﬂa@r@gl WrhgouRdsh Ras £R18& to 57 wells of a
encodi ng the protease is the di spl ayed on

t he
s velb micsetluon Bla@s(Dan%'EqCémolwe% ﬁ?barp@lyOYa pior laalée%ﬁentratwn of 0.1
p;,[l\gt E%éxlﬂﬁfélypﬁm%d" mBO&H A pABivERTRBLIL A @6085 9 ﬁompounds) was

e-cont’al ni ng peptide corresponding t
taddedto 20 vedls afe G vellipktefor 8 final Thrceatration pil 8. OfyMeinypach qompound.

[ t

' B k,gls iJ%gt @9 kagke Hitd edtog ?Be%igfggﬁ‘%ﬁ Or%gmgk At @glny gnd
dmenstom;t fhiondrestfieily wmﬁhtathnkm Houed 568 égmmteswnca)‘.’bpetﬂtmneter, with
pexrc):t Itllc(l)glla{ yﬁj{ ! ant é)mlsstlc?na St%IS{‘; IZZ r?té? geflla&e V\fthe sennF Proteases were
bpanfdmh@d atas g@t in pé)pffemte;ntamﬁgeiﬂ mNHrmss pHWioe i @maM NaCl, 0.5 mM

O Dby LoeBrAR o pans HEom sihse@iSt asty ERE frsineproteases

S}&@@infah@ EMZ&l@WsCﬂ)‘érfoﬁﬂbﬁ at 25 gElin 5 Bl@fﬁ@ B@Iﬁalﬁﬁlg IWﬁM sodlum acetate,
et _sequence synt hesi

v@lﬂ ﬁéuw()t‘ﬁ]é‘[ 1’.{‘531&15 @%P&E LM ﬁ?&%?@é‘yﬁfﬁéé %I%Q&%QMSO (from

t§§gﬁ@m or specific hydrolyis of the peptide. Exanple

6. The s nt hesis and fl uorescence screeni ng of

| i br arB-d%ofiling Brotegyas aither P1-givensg Library of 137.180 Substrate Sequences

47



A(i). Synthesis 20 Individual Pl-substituted
Froc-am no acid ACC-resin (ca. 25 ng, 0.013 mmol) was

w@omed317e3 wel |s of a Multi-Chem 96-wel | react i PECI/US2003/031719
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apparatus. The resin-containing wells were solvated
with DM (0.5 nL). A 20% pi peridine in DVF sol ution
(0.5 nmL) was added followed by agitation for 30 m n.
The wells of the reaction block were filtered and
washedo t¥ the pbikbilits%f Stadohifil hil ainfhoicide to the Pl Bit¢ M€ eibstrate

t he random_ zed P2 OSIt on, an iso c 25 ture
(S@vtepgsthl diverg tetrégepgﬂe 1br'(1rilg§1&freg‘fe§ g’ﬁ? sAwersg i ﬁlggflcogilsts of 20

%ellF PEhRALRG tl?@ﬂ’ldﬁos{tﬂ)n@s sygﬁﬁﬂatlcailg h@ﬁld:bﬂdtéﬁ@ kd 411 amino acids;
Fnoc- am no aci d, % Froc- Al a

Frrolgding gYsiRg ax@mclucbn@orhﬁ@ee ABW(P?F ?;,.agqm gositions consist of an
ﬁﬁgc dgs[%é’%}lﬁe) % aﬁﬁw a%l(ﬁ fOIF Gﬁﬁ @ 6’%5@ s’hbs%lé}e dhhendesSer well.

FeveraHiesigdand) c-y@el,ne Erdfﬁasqsrvme pnoﬁleqm) tegtﬁheﬂ,apphcablhty of this library for

éﬁ%ﬁelé %otﬂﬂai_ibptgr[ﬁgﬁi @ﬁﬁ&)% 181) &?gl:n&&}'l% ip s@%gd fle %xlg_lted

FepedfiGar %ﬂatge@blroﬁ]ﬂ}bléar&no Zoti o Tﬁhpséﬂﬁdt&g))rnbm—ahoﬁ/g&preference for
T 8 F Tyr( O
PSPt ferde g e TP D 2Bl & g gmjoo aids
2%553[&'@} 2Graﬁi}&hd‘]§]3he (érﬁylﬁndm} lgﬁnigalimﬁel)md motBME té ]hﬁferlall)Asp
ol utl on ed .t

TeciRet shogrh b Bt ket e Y et foid oyt al often ali 26l

Vﬁ&ﬁ@lﬂ ‘ﬂdeto'fhe{’r ﬁcﬂi@aﬁﬁ}%cﬂﬁ &3 31“113@[/-&&21@ Gt/ b hOutropMF elastase has
tlmss . The .rando P3 and P4 positiaons

e eaqoa%lrpaﬁfﬁrgp%fq S BRCATLFHiRC. R SRS PG SRS PABAIn p cruzain
Pého@ed BR bﬁ%ﬂ@l%ﬁsﬁaﬁm@&%ﬂc@dﬁ%lﬁa@ th&Sé Bnod@Sfordsdeeslzymes,
wth DM (3x 0.5 nm), and treated with 0.5 nL of a
calipengiihersis medeshireisicore P1BEMNE. 2 5 ol ),  HOBt (340
ng, 2.5 mmol) and DICI (390 L, 2.5 nmol) in DVF (10
m.). After 4 h of 5 agitation, the resin was washed
wWExampis/. %@Relﬂnﬂonﬂka"wﬁ@“@@kﬂ@“BSt’fH_SS and treated
Wth g el 6&&? ?}Et xﬁsﬁc}?-thé désirad I{Afﬂﬂ»ﬁ%&, a%fde{%hmned by
i ncubat I ng e reaction opened and
pubstende Bbratesp@e deseyrdweing individyal pepdide sehsttatpeorigenanding to the

I
PRGBS M €. 2108 L b e
shias Dretit ﬁuomwera(Mulwglam@bwseSmEa@h @idiesses diliitefl tcbetvpen 50 1M and

¢ R fabd g Aol PO Ry e SR Esieedgapd s0o v

My KHsARRS subbieatdsQkPdiludib Bétwaén 2GAHASI0ALBL. | BhcR agslly ¥ailtdin less than
was conservatively estimated to be 0.0063 mml . (50%

baéé\deﬁfboﬁnzymam #iviY isqnargiPEdSlie d p sec0ads akexgitption and emission
15 oSS AYm Hd 440RER T YspddMR e 15 ORE & Wtk13k I @ hirRes. All assays are
pr ot eo yt| C enzynmes was detperm ned by absorbance
meerfumedingt% DMSQ.80 nm (G 11, S. C., et al., (1989)
Anal Bi ochem 182: 319- 26). The proporti on of
catal ytically active thronmbin, plasmn, trypsin, uPA,
t PRampled. Seyevning\fmscleavags oifulldengthpeateiby active-site

( 1073 VERslaltetire sl M Wenih A 00 siffuicle mEhestta sequence

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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Substrates fromthe PS-SCLs were di ssolved i n DVBO.
Approxi mately 1.0x10-9 nol 20 of each P1l-Lys, P1l-Arg,

W@eooRW317881 sub-1ibrary (361 conmpounds) was addedr/us2083031719

wells of a 96-well mcrofluor plate (Dynex

Technol ogi es, Chantilly, Va.) for a final

concentration of 0.1 M Approximtely 1.0x10-10 nol

of each Pl-diverse sub-library (6859 conpounds) was
add@:ddibgraﬂﬁl wiiglradiofabele® Brotuin, lor py Wlestefrslotaustnighiad appropriate

R EE oAy i bt S AP foospiotafs g pressing the
( ﬁrgéﬂpmMm'lﬁQ expidedat dle%nﬁiﬁrpkdt@fsé dThd dlewvassdvehtGabiitored by lysing
rkin El mer LS50B ll)Jm nescence Spectromnmeter

i et o 14 TR 8ot DRSS BACLS Felied b SGustipition by

4658 blAS 3¢ matifely, AR DRIbIIEcRIR tGAIELMRORoly RS [T QAR
at %5 C in a gufef}ter cont ai n?d%g 50 nV 'I})/ﬁ Oy ng aby

18654 NaCl, 0.5 mM Cadl 2, 0.01% Tween- 20, and 1%

DVBO (fifeQiBa$ t i : ’

ot of e au LS PHESE 12 ﬁ*?’?‘ﬁ’%ﬁ?ﬁﬁ% oo NENE R 1 gnd TNF-R2

| Yvers nigasured usingthese itﬁch@}qmo Frehly @@ilamd eotophtle (PMN) phete resuspended

xi(f%%‘\%%& 1%!?@01\'% I%;llq& % m%l%gﬁgﬁnf(g?l n;/o 1oy %tgcgwgh various

V\mnhelaraﬁ?bnsdzf yroteee, spdgrfscrfyr mé smlk}egl&f)oisnﬁ&m at @NF-R2. After an

SERURDR B, 6 OB TR SRR BRI ot

t &igoud] oSTNE-R ralebded mm ﬂtetmﬁiaavzsemmﬁlﬁed usinPELIBA/ (Rhe).

tetrap ellbr was cr at d The P1-diver )
l'i br arlsl%c g&iLt gf%veg?%éﬁ % ﬁdWﬁEer?p?fﬁFfo’ﬂéc methods of making
Pdndnsiig tehoyinds Sap&}b&to@ HBh\hﬁ@iafgﬁt ﬁkﬂhﬁi:pﬁdi@d’lé‘ehﬁdhgesaﬁ wall be apparent that

i ncl udin

am no aci ds, dln t ei

BF1oBt e s EOBeaos gk e made eyt g 6 e dpvention

SC@amggwj Fn xture of all amno acids for a total of

6, 859 syl 5 sequences per well.  Several serine

and cyst ér U paygeas fpeubated with verying goncsairatiopgof protease,

afRiplds Hrd lbcﬁhéd of ShdLpAGH Qﬁﬁ@fe%ufﬁ@f andteliﬁnin@@aﬁ L fli%%(ﬂtyﬁ&ylamlde
e

of the optimal Pl am no acid psi n showe

eSGhethuerls Ypre dried andieypesed tq rafagéﬂmgleqda b7¢ Gni no

aci ds. g ¥RginB 4808, thronbin showed preference for

P1-basji.c _am no acids (Arg>Lys). Plasmn al so showed a

pr ef er ekd&Fras PV were ingrbpied Hith yarying consentsatiay} of proteases as above.

G B2 125
IR T BT L L8 P
pFF & Rivleexpesed tspatendes, veasiquandified uahg sapitilgtiora riedly, 10° cells were

R L

cpm@nd:ecd] prggeasé arhémtoss. Gotls abm anﬂbada:hﬂe Mmle&; buevaciﬁlitﬁ asplratlon and 30

oS RS (R BRRE PRl 50 ¥l SRS wesupted on e

fWmllideoheMyﬂﬁﬂahoi5oﬂitérhmﬂgbteﬂ fienevah KedselBYde ?I Immunol. (1991)
Cl LS5 ERGH il it ol s LR B i8R o eaces

that mat ch the desired specificity profiles, as
determ ned by substrate |ibraries, are assayed usi ng

i FEAmRle ﬁai[deﬂélﬁf?tw of §¥get Rroteinsmnd; leayagriteg thereinhe 20
desi r goeine BYAGR ﬁ@&éﬁ%@ééednd hﬁh@h‘ydtigﬂ @46 15&!11'&%{3& by the following criteria:

neasur errents are perforrre using a pec ra-
1) the protein is involved in pathology; 2) there 1is 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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Max Delta fluorineter (Ml ecular Devices). Each
protease is diluted to between 50 nMand 1 Min assay

whodofie81733A | ACC substrates are diluted with M(XDU82903/031719

between 5 and 500 M while AMC substrates are dil 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 engths of
38kely destranits BoctionmCleavegsesites vishiy targe prcaem&ﬁraideotﬁﬁeliﬂay the

r f 0/
oot rfs: DAY, Rl fhod REE BTSN e St e e
thcaiachin pgiotsahstiase daveidas sayadhry aneteel.bdh shebis af odhbﬁc}és), as
wil |l clegve the desired sequenc 30 when presented in
ST e et 1 SR el §hr GG Uprrogions tond o be
atdopy/drt the Bifrfch eflsrafeﬁﬁ for RAIRE 61 Eb1l SuBFfaRTERYRAL; BPYE hefidcated at sites
that i ts function been destroyed by the cl eavage

etherare likel tainaciiyalg éhe REQteRH based o lﬂﬂsweéur@yosdélemsequences can
até Riur tefRiatk IAgmih fakY rtmef éx%déﬂubs&amkaﬁa{féﬁﬁd&a%ﬁ&

vari ant pr ot ease. pr otein 1s visuali ze Sin
sP@?ﬁﬁ%ﬁScbWYhfslplégebpﬁﬁéoéﬂal ni ng, by 48 V\D 2004/ 031733

e SROIO A n AP Y5l 201 0 | abel e

rotein I"ot " Usi'n pproprlate
ant ib o’B}morAb@remﬂ fctoy ETNE) i5 4 prtoheﬂarmngety qytoldireithat fispramarily

Joduc%ﬁ ﬁ)g%o%o&ecseﬁ%&g)%ha sI Lt’?’d 1?71)1%

he. targe .
ot el n are expose é va pr O élgflatﬁqs a{ transduction
ijemmng wahtelth@ ofibvii duofaecbdyd feﬁsptmg, thé ﬁﬁ taglot Secaustl factor

R WSR2

S cdnitibl @rtrie degiaﬁlbpll)eiomg:yeﬁ rHeymptoil 2HkIS (FSA), Sndis 8t bi ﬁgh

- erE S Rne o i S ARATR A O 1B o gLOF Bnalng events

Usdsiilgintthesedictichof &Hﬁf‘pro temilaiory spdlahadnnenty, @M‘-’dS?), induces
Mh?e/l\l)r were resuspended at 1x10 cells/m in RPM

gl gl R ass Heh Fscaliasgprse AL UESHRD A noreasos the

olifftiod And RN bf @tdodRsts;All o FHRECASRs 160l 8P dyhbhtif Ad tissue and
t e stal k regéon of TNF-RI or TNF-R2. After -an
[ f

i RRnsplgttrusHon fBoth fygeuef Tk regepteyy are shesh fnma gheeell’s yfzoe @5 goluble
V\@frﬁs e Rt Meid lipMdRIilLAR). OTh AN b HIE TNARD M neBralize TNF

TNF-R rel eased into the nedia was quantified using

Eﬁqﬁs;dy bath émusro ang gy ind a5 beligyedo iaetrps matyrab @@rbltors to attenuate TNF
finped wWith respect to specific nethods of making
using enzymes capabl e of cleaving target

pb’EWéﬂptl de sequences, it will be apparent that

\é 2[) 'a?tj\? 5 ?{%ﬁ&hﬁiﬁ‘f‘ EM {”alc%ﬁ e“g% erﬁgﬁﬁaﬁﬁﬁ\f\ﬁs&c% mitogen

12@maliNprofuad @l@ﬁngqm;rymsemmd ldulekie WlVﬂFlGF\Aa a yignificant mediator of

L. es were.
SRR, RO P o PR sl
pddvgpmyhta Mudmr vagellarizhtien BalvitaMpro@sgiiot the peopeessisi 68LMmor to a
Ko TNF B .
g_gt%é(e I%ANK Eﬂchn( d afe)étaflﬁec u ?egﬂg%fﬁﬂl%%gi}ﬁﬂg I@erc]:gptéss?:g ¥7EGF have
Chéraaduntifiéd: MRS TH-1/P1tal VEGER- AR DRDMIEVEGFR-3/F1t-4. VEGFRSs are cell
surface receptor tyrosine kinases that function as signaling molecules during vascular

development.

EGFR AND HER-2.

50



10

15

20

The bi ndi ng of 1251-TNF exposed to proteases to nornal
PMN, or the binding of normal 1251  TNF to PWN

WE@2@essIi33 o proteases, was quantified using  PCT/US2003/031719

scintillation. Briefly, 105 cells were incubated with
varying concentrations of 1251-TNF in 96-well filter

plates (MIlipore) in the 25 presence of protease
inhibitors. Cells were washed three tines by vacuum

aspi r artedrbB igniBPof recepior Eosie Hihaaés comptibeufodr Hdabdra GFR (Her-1),

ed,. t C [ 1. Lptillation was cqunt ed a
ViR Er 2k Bl et prioied el A e Safil SRkl G etopment
Vai geescsfte @itheMunctiohingl oAb cells J38B kecepdtdrk, pa2Béidar R and
and Porteau et al., JBC (1991) 266:18846-18853). 30 .
ERDR3 e eommepdy derpgulated Brrertin prevyent formgoé hygangageer. Dysregulation
CLEAYRAEmadeS ot 8 ShibuE hRERinfens! ﬁélﬁ&hgge cQmpfiteAbAIRutations
and inactivation are identified by the follow ng o
c thiat inptiease recpptor HirnspiRiioa; of muationy Biat/iaeredss 1grapIRBACHIYIFY. Agtivation of
Chere | . . A i _

e ot feoBb Mol HEBREE BPURLANGIA kSl o it n
plovesttym signdingdiwageh thé mithgenpactivaedprofein kivpge (MAPK) and the

2 031733 P 0 ; i kel y. LOV:. I t o

¢ AL Ao A KRG L ERR T prs B BBl o pt rotiteraion
i diffeteinfiaténch, Imd anpegerfesisl ow ng criteria: 1) they are

| gcat e n the oseqd.surface of the protein; 2) they

a 6"3”4"%&%?’56’5’1’?%8{‘(’8‘6‘56%?% hat are devoid of secondary

st r uct Piotzolytic leavage SifeR dbrthOprorim @bdceibg]) abo@sare shown below in Table
dgterm’ ned by atom c structure or structure prediction
algorithms; these regions tend to be 5 | oops on the
surface of proteins or stalks on cell surface
receptors; 3) they are located at sites that are
likely to inactivate the protein, based on its known
functi on. TehRYY UAVERNHEGUNRSs oA elecBA distdse Fefitddipr@Seind
length to match the extended substrate specificity of
many seri née : : —or—stortrer—1
Fact olndication

Tunor Necr SR
Recept or 0 h or {C1 Rhelmatoid arthriti
pr O- | nf | a + ar \IﬁE‘\(XI"“ oldina %CI{ c. nrlmr b%hgpﬁj?éség?nelsa

tory—eytokiHre—that—stpr+Ha
by nonocyt s, rﬂg\ffr%bhaes, ERREK | yrpHdyt BB flambhdtory bowel disease,
initiates gignal transductiGIED by |i niist afbdongsiswi t h
ei ther of tfwo SUIIZre boun I@ept O T e P55 tunor
necrosis fgqctor receptjor -Rl) anol(tne p75 tunor
necrosis fdctor or (VNEHERR) | ™K pl ays a

in the pathopleggsml ogy sk r heunat oi d

a[e 'gh—:hﬁ,once tTations

of the syndvi unt! ovi a ui d ofpal i ent 5% CA'C
RA. TNF sidnaling eventls AEQRt iin $te broducti on of
ot her pro-ijnfl ageakory [cyt aiames (I lstalk [LnG,brebi Kinkr,
i nduces tlfe production of ﬁﬁl | g prs?aikei aswse, selohcta Scidney,
col | agenas nd.stronellysin d_ilncieashwatl Beeck cancer
proliferatifon ¥R@FRdti vjity S6fADst gocttalist p; al | of
t hese event}s | ead to syhovidigh and tdgssup and bone

destructi orf —of——@: regeptorsjare shed from
the cell's ol u@’l I%O flor that retain
their ligard binding abjili ®RLDYThege lsm upl e TNFRs can
neutralize actrvity oot vitrg angrnvrve,
and are believed to act as natural inhibitors to

Al ety Tifavas! BAZhd 8%Granzyme B 199A/N218A Mutant
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VEGFR.  Vascul ar endothelial growh factor (VEGF) is
an endothelial cell-specific mtogen 25 normally

w@e@dioswad duri ng enbryogenesis and adult |ife.PCEGR003031719

a significant nedi ator of angiogenesis in a variety of
nor mal and pat hol ogi cal processes, including tunor

devel opnent. Tunor vascul arization is a vital process
for the progression of a tunor to a stage from which

It carFipetadshawsd the seqiibrice ef bdspdse-df 4 protdityingdgaad & the apoptosis

receptors to GE h been identified:

VR g5 e 4R A IR 8 s iyt asparat
af efihd ata&ldsluf ima 166 eRp&tivély! Mhkdtionkitpasifonstddahd 218 of
functlon a gna nol ecul es during vaicular

dgr\g ity this protpasRrio sis8YALe Betveen the aspartate and
Pﬁlﬁlhég@ﬂ‘éé’a&&% 263 8hd 260GedsERRefyam |y of receptor

tyrosine kinases conprise four nenbers: EGFR (Her-1),

Er bB2 Kigkre 23howss grpstaliogeaphig)medsholicasmar-3 fasusiag on fhe finactivation
a v

LEpRER Sk 8 P OBRL AV ALOBTED AR RAAS @Bt D O
thQ $1?@€lﬁ91¢)f of tRGERated grangyh&B isa&rh@woémrﬁignte;ﬁﬁdmtb yutymgeckidues at the
[ r l. f

p%c,’(rig’ a‘&? QJI&%@ 1? QES S%"Lg?or 'I P% g%oiclgoﬁaggeg Bn the form P4-P3-P2-Asp-
nﬁM&wcwrassaywdmitmmlch@r;gané Nawgqpcg'anzyme Bmtcbme substrate

R A PSR BB et RSBl R 33 v
EtlinBs greattéxgirefeﬁnctffﬂ)op}ghylhlaﬁmb il RY pasfitidniveepbiey 1lmlhe wild-type.

S S, 1 downst ream si gha
AfRE, B iR fee el aey S asaspinD fidiaud Aapheatanine and
akedcih&igx thed 4 ﬁd&hﬁﬁp\hﬁﬂr@ﬂﬁ ivtilddgpe3gdnbiaig eccolinddkie @8 f Jsoleucine and
pathmays ultimately leading to cell proliferation,
@’H?fferentlatlon and angi ogenesis. Potentia

Pr ot eokiyre @ s@»esamae@aﬁgé 86the NIQIFSEDWI-CO E@QI@ N®t2§ the
for the protejns described above_ are shown bel ow

TEASPASS-3 Ao NATPR BpQone, TR S B ARLAS 5AoTSe D ey MALDI mass

QlyeRs oty Tk RikofiebkdBench o Bloubd: GAYRY ORI B
I#?lcatfgﬁ seqﬁence fﬁ%mg AEAK | uoo Rheumat oi d type granzyme

aPt hiMIPRA/N2F4e foul 8w e fipst Eﬁl’élﬁh'og’s thegreleqular weight of the

| %@tﬁmﬁ@ r%om\@@i k3 ntlrﬁlzﬁpcoﬂeé! HolEQMr VAR for the uncleaved
SPTR st al k VST al kK

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
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
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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STSF stal k HER-2 KFPD stal k Breast cancer AEQR stalk
EGFR KYAD stal k Lung, breast, bladder, NGPK stalk

w@e@snan7ay col orectal, kidney, head & neck caPCEDS2003/031719

VEGFR-1 SSAY stalk GISD stalk VEGFR-2 AQEK stal k

RI DY | oop 20 Exanple 11. Cl eavage Profile of G anzyne

B 199A/ N218A Mutant 51 WO 2004/ 031733

PCT/ US2003/ 031719 Figure 1 shows the sequence of

daRpPoers 3asp@ser=1¥ witlevilditypel graaiael Bl Th ferddpephoss Gaspase-S with the

B etonguag Bo Snemymt i BHe i ey e SRS FRP SPPTG a

r esi dugsy/N7 s E eﬁmatahdfﬁllayuvawutfm leBRE cégpase 3. Purified
posi tions 99 and

18 granzyms B, chan
spweserd €4 XD whs inpibgtegd r"mhé’éi’é’éo'fﬁfﬁe’c 08 &k I%iémfwzmé B, or 1 uM
35900028 £ g@aﬂgynée Blghi S%uﬂfm Qﬁﬁiy%beﬁ agtﬁl%y 0286 uL o g?ch reaction

respectively.” Figure 2 shows a crystalldgraphic no
ofas déluted se203ul; olaaspases3 eetivit dufferant icqspasechactizigy wesaseayed by

81 eI i, AL BOnRBTR By 51 B i
dimzen ﬁyWIF\E 1 SAP §Ednzyme B m@hga;ﬂerc?a?ﬂlseﬁﬁ ;dwalt: \gay }ﬁim?@v¢1©§ pctivig. Wild-
%?etﬁ?nzpmg 1Pacé1vat;e cz%ng -? JPoR nlggntgg bRg g%l‘ﬂ? fRNE?hey elf%ct that the
aswayt as v dalipase-B detivitye Taizds Mﬁ}éﬁvh%ﬁggfeaﬁ[& yvmiEreBhﬁz{mbf caspase-3

E?ge‘éi lF]%ﬁrat cgnv ﬁ‘ﬁém fic ﬁgrgﬁts%g ‘%EﬁlﬁfeéAsgf %ltgeepresence of

tthemstaft @aiz§ie B i€ bpgrexicRtelyoserd) Imegehaha WwiilagyRtonly@vRe the Vmax

p03|t|on over proline in the wld-type. Also, the
ﬁelgfﬂim)dat es | arge hydrophobi ¢ ami no acids

in C| u Chh@ chuPAE BkhAnd B R8s ABSleffdcB¥CinRhikiting &8pd34-3 activity and

position, where the wld-type %;aneral | y -acconnodat es
@ﬁP@/tOffl%’éq csll dysates %m)éalm&%cvafrspﬁe Eigyieré' andigaingamoyats of

qbeLyeIeA %fan%e B BteldAd c%tés%ﬁ@ﬂc@oa%@ £8) 1é1*ib%rs Caspase-3

caspase-3 i nacti vation sequence, made up resi dues

2ebvierasshencsspyad by aldinga mqaenwghstra@;iéetl}ﬁa\f%ﬁwc) tpigefinal

' d%ﬂ&h‘cré(tﬁ)tn' dtRof %qgw %@ﬁ:ehﬁ&i‘dﬁ%@ chufint Eﬁ:tl:lfgtgs ase-3 by cleaving
type granzyne | 99A/'N218A for our s.

@efameO@ saguency Iﬁ%@ IlP NQ ﬁbb@@u high cmgtmnons it {rilgbits Qaspase-3 by

:) e
(E,bgéryr;, A g Gt fﬁle aﬁgﬁ’ “21] t thfsat Ra i ??\ %&ﬂzg&e tr])'aglﬁ%iucgs apoptosis at
The cgmommpahlélnﬂshmopthﬂs atdhighl qogcapfratidne. Pigptei 7@Peplots caspase-3

R R e T
uradeatatinh of the mutant granzyme B was increased in cell lysates, the caspase-3 activity
decreased.

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-
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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peptide, showing that wld-type granzyne B does not
cl eave the peptide. The third panel shows the results

w0 o0040853pept i de with the N218A/ I 99A nut ant grECYS®0B031719

10

Here, the peak 25 has shifted to representing a

cl eavage product at 538.04, representing a cl eavage

product of the appropriate size (538 Da), for the

cl eaved peptide. The nutant granzyne B efficiently

chatixitp with Na’yplgwph@etraﬂ'dng of muBntghanggmt Ban tlesprésescefafd 49 nM wild-

thr N d

TP B A ol i GRS R ot o e B oppesc-?

Ofctivitg parsensAl hubove thie o bia tvedini the prience36l witdetypa glan;gzine B alone.

| ane 1. buffer only; lane 2: wild-type granzyne B

| ane 3: granzyne B | 99A/ eaction was

term nated by the additigﬁégﬁvégﬁgigsanple buf fer,

then heated to 95 C, and run on a tricine gel. The

f irst Aldmagh hmisul dimeBtsdhvmnieen Hsclossdderedh ins2tailGhis has been
(?1%’:/ b&ﬁ"agsg g}ﬁag% 2 o1 g%ﬁes%é'l? 11JHstratt1arr1] gfély,ls agln S %‘1\1‘7\%51%%& to%e limiting

ceith aspecBtonht keopbef thw;tmﬂdedg:lmz ywhichHolldvn.e Imnpairtéondar, isis

th b ., of - 3. e e
GO bT P PSSR el ree AR o g grogiications may
| Bghde todepiasation withut deRetingdRmp e 8pidit 4 hppd/éfshe invention as

i ncubat e it h rotea 100 nM of wildtyp ) )
gﬁ%ﬁ'{f%&qﬁwl Ww K6 pLPERPE B! RO IFATE stitfod, of ibrary type is
hBstieSed 0 e adMERNES rButdetfbd ﬁeYsoﬁ of bRinaryldRillinGhe £86Hh knowledge of
reaction was diJuted in L of caspase-3 activity

biherabodipgnis de55bel bpreipt @t}lﬁ PGS a%%@g% awnedlﬁ%m@%conmdered
ofo RGrilVie AMpe oFiBY6IRWARAY QliaMs a graph of caspase-
activity plotted against tinme. |99A/ N218A granzyne B
i nactivated caspase-3 to a very low | evel of activity.
W I d- type granzynme B inactivated caspase-3 nore than
control, but did not have the effect that the 10

nmut ant has on caspase-3 activity. This is al so shown
in Figure 6B, where Vmax of caspase-3 activity is
shown derived fromthe data represented in Figure 6A
Vmex in the presence of the nutant granzyne B is
approxi mately zero, wherein the wild-type only hal ves
the Vmax relative to control. The nutant granzyne B
was al so effective in inhibiting caspase-3 activity
and 15 apoptosis in cell |ysates containing
caspase-3. In Figure 7A, indicated anounts of

| 99A/ N218A granzyne B was added to cell |ysates and

i ncubated for 18 hours. Caspase-3 activity was then
assayed by adding a fluorogenic substrate
(Ac-DEVD-AMC) to a final concentration of 200 M At

| ow concentrations the nutant activates caspase-3 by
cleaving at the activation sequence (SEQ I D NO 4),
but at high concentrations it inhibits caspase-3 by 20
cl eaving at the inactivation sequence. Thus,

| 99AIN218A granzyne B i nduces apoptosis at | ow
concentrations but inhibits apoptosis at high
concentrations. Figure 7A plots caspase-3 activity
agai nst increasing concentrations of |199A/ N218A nut ant
granzyne B. As the concentration of the nutant
granzyme B was increased in cell lysates, the
caspase-3 activity
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decreased. 25 Apoptosis was induced in cell lysates by

adding 100 nM of wi |l dtype granzyne B, which activates
w@a®pasEy38 by cleaving at the activati on sequePCEUS2403/081719

or without the indicated anbunt of |99A/ N218A

granzynme B, and incubated for 18 hours. Caspase-3

activity was assayed by cl eavage of Ac- DEVD- AMC. Dat a

was normalized for the background caspase-3 activity

i nduced by the 199A/ N218A granzyne B. 100 nMof wld

30 type granzyne B was added to cell extracts in all

sanpl e -t I A A t increasing concentrations of

1994/ é?%ﬁf#gﬁ@?%s indicated in Figure 7B. As

shown in Figure 7B, the nutant granzyne B antagoni zed

t he Aah¢thed otgdenﬁi:fylm y protegseairigindedBes asubsigate scquense teosdtisod

w th Che PP heRR TR el oGS eS8 e a A bt the torary

PCT/ U308/ 08 0fEd@ scaftrld with IV rmitetions aslativado a wild-type scaffold sequence,

concentrati.ons of.nutant.qgranz . N t.he pr.esenc f
100 b B SR S nAR R e o o B st
concenteqadricaraad odmpatingiie agtivifzonvactBnehbe t€ s paGBzedictivity of the

activi decreased below.the | evel it s.in the ..
pr esenﬁ%‘a’é’f ﬁ\%ﬁ?& 1‘?’%&’“&?"% fegses hayh @%ﬁt\yiqgwgcn\gty,
Al t hougherpialN isGositiveni@el ment s have been di scl osed
herein in detail, this has been done by way of

exanpl e for purposes of illustration only, and is not

| D! TRERE ML oPEail MiviHeREh th¥bidReabeis B86rineloR cfdidncSioREseOf

t he appended clains, which follow. In particular, it
is contenplated by the inventors that various

Sabghé hinb@BBelaid] {,&1RliPREs 1.and nodifications may be
made to the invention wthout departing fromthe
spirit and scope of the invention as 10 defined by the
ChahfiBmetB8 o £QZLEE 1sng et hod, protease
scaffo1ng|, o? @?E’fd?‘%‘%ﬁ?gb believed to be a matter
of routine for a person of ordinary skill in the art
wist Bk BRbEIRR.AL1 JilseTReghgrent s described herei n.

G her aspects, advantages, and nodifications
considered to be within the scope of the foll ow ng

clai 2004/ 031733 . P S2003/ 031719 WHAT IS
CEAFE%BG‘I%@X\%M% f’revgﬁgel 3@1!5 1|%;|Jl:ée0rL'1Jt i fying a protease

whi ch cl eaves a substrate sequence the nethod

c | Si ducjng a.library of pr.otease sequences,

o do ety BERAL Shefinhs bidien et b Re b0 sederaerpe of one
Wi th Noffthid mbinbes of thb gfouy €ordsiytife w&@sﬁly&@ﬁ@mﬁrim |sﬁbs;i1isin,
sequence, . .nmeasuri t actiyity of each nmember o

t he |if§f°é?‘yn:i St K5t Hﬁks%sﬁ%{?-h EREGURT CesranzyEe B,
compar ér&ﬂzyﬂé%,%liska‘éékﬁyrﬁiseﬁﬁﬁﬂn,"@ﬂ@?}xﬂte%sfagé? pRY84 RElBkrein,

activity of the library, thereby identifying which
pr ot e d&BENRS P SIRSTROgRB A VIPh SUEBlEmERiacPrsgrine REPIERSES. n

N is aApASiTd4endurdl @8 peptidase/neprilysin, furin, and cruzain.
8. The method of claim 1, wherein the target protein is involved with a pathology.

9. The method of claim 8, wherein the pathology is a member of the group consisting of
rheumatoid arthritis, sepsis, cancer, acquired immunodeficiency syndrome, |

respiratory tract infections, influenza, cardiovascular disease, and asthma.
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2. The nmethod of claim1l, wherein the protease is a

serine or cysteine protease. 3. The nethod of claim
wazoomozr7asn Nis 1. 4. The nethod of claiml1, »EEUSIN3/031719

is 1-5. 5. The nethod of claim1, wherein Nis 5-10.

6. The nmethod of claim1l, wherein Nis 10-20. 7. The

nmet hod of claim 1, wherein the protease scaffold has

the ami no acid sequence of one of the nenbers of the

group consisting of trypsin, chynotrypsin,

S UPSThd théthél of cﬁﬂﬁ%&hinah@ﬁfge%mm%ﬁﬁts Hvor¥ed i kay hiAt causes the

MISP- 1, ?ranzyne A granzyme B, granzyme M

el ast adholegyymase, papai n, neutrophil el astase, plasma

kal l'i krein, wurokinase type plasm nogen activator,

conpl ement factor serine proteases, ADAMIS 13, neura

e ht ofeptétbedsel/ ceaprli Whereim, thd targenproindis drvalvad im ap8ptodikie

nmet hod of claim1l, wherein the target protein is

i nvolved with a pathology. 9. The nethod of claimS8,

whr Bieméthed @faidial 10 gwhdrsin heteigbisrotofn i Euspa3e-0Up

consisting of rheumatoid arthritis, sepsis, cancer,

acqui red i mmunodefi ci ency syndrone, respiratory tract

| 13.€THd éibod éftidiMaN#Beremahcd vy 6tth@letebitsiR6iBase Wifcreased by at

ast hma, 5? ?{({5 2004/ 031733 PCT/ US2003/ 031719 10. The

met hod*¥t 1Hold pemparseia ths syerage aqtiyiy ef the libesi n i s

involved in a way that it causes the pathology. 11.

The method of claim3l, wherein the target protein is

i Hof Reauethed ofsbyind s whereinthe actinisy plethtydrtectsd neptedseistingreased by at

wher eigast Déy-fod ey : : The

met hod of cl ai m&%pa\%r(}l g% giieﬁvieﬁge&%?? ?}\%ﬁtyﬁ/eg he

detected protease is increased by at |east 10-fold

C . e . A | s .

o R R R HEARL ctivi pltho holfucd OBy fteasca by

det ectleast Peiotfokisrempared tethe averagelnptivity ofltealdtrarg.00- f ol d

conpared to the average activity of the library. 15.

The method of claim1, wherein the activity of the

dd. eBteankethdoifelse 1i Sirtherooemsieidg khe steps of: east 1000-f ol d

conpar.ed. . he average.activity of the |ibr . .16.

The” narhide PO AR il o Rioe Efy Pl pforessed

of : pradeavaieragtitivyo canbining ¢henminthtios odf firht @caffol WS e mutations on a
library identified with incre | cleavage activity, . |
conbi ERGICRAtoH, B aRE » SRS Cand dep Bt et B ombination
nut at ipoducers Gomisedepetifaaipratae tat Risattieedcldaihgethotivity in
scaffol d; angl?Pi[ﬁdﬁnt i fyi n% whet her the conbi nation

pr odud8&d5 1 Hhpsu %@tes%@t‘? f§-city protease that has

i ncreased cl eavage activity in regards to the

substrate sequence. 17. A nethod of identifyin

( § N , g a
stibst Psthed ebiigeiymepresTateseqysaes Whietisispecificely elgavgy bua protease,
pr ot eafemethbd %rﬂﬁ{sh%%r&ﬁﬁﬁf’g'asﬂb?%% BF Q8RR qfenbdPERR Ynember of
of substrate sequences, each nenber of
the library having randomized amino acid sequences, measuring the degree to which
each member of the library is cleaved by the protease, thereby detecting which
substrate sequences are cleaved most efficiently by the protease compared to the

average cleavage of other members of the library.

18. The method of claim 17, wherein the protease is a serine protease.
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the library having random zed am no aci d sequences,
nmeasuring the degree to which each nenber of the
WO piwn@asy33i s cl eaved by the protease, thereby detBUS1003031719
whi ch substrate sequences are cleaved nost efficiently
by the protease conpared to the average cl eavage of
other menbers of the library. 18. The method of claim
wherein the protease is a serine protease. 56 WO
2%47@3&%@ velriud3ousras tachgnemigr ofithe syhstrate seqpencelibraty is 4
17, whegigh Ri&aeh, member of the substrate sequence
Ilbrary is 4 amno acids long. 20. The nethod of
claim 17, wherein each nenber of the substrate
Sﬁﬂ Uﬁ%‘tﬁ?’cﬂ&f f%[a:i'r_nl__ﬁ ‘g% é«%é efcﬂ]élg 1 b%? Bﬁ;ﬁe s&%ngatiz F]eequence eﬁbrary is 5-10
SUbStﬁmﬂB0$B¢U9m£e library is 15 am no acids | ong.
22. The nmethod of claim 17, wherein each nenber of the
substrate sequence library is 20 am no acids |ong.
23], Theanstedduidiaih 1¢)wlieieid dach\Wheditet 6f the bibs@at sdyuoice |hBrary is 15
conprises the substrate sequence. 24. The nethod of
clalnﬁﬁgnomﬂgtg?%lthe target protein is . involved in a
pat hol ogy. 25. The nethod of claim 24, wherein t he
hal r h r nsi stin f
e TN oo oI oY heGeip §166, TN e 0 SRPGENP dhgbon lbrary i 20
I munogghé &i@N6Ye. syndrome, respiratory tract
i nfections, influenza, cardiovascul ar di sease,
|nflannat|on and asthma. 26. The nmethod of claim 24,
I ¢
%t'ﬁ%e?nét%kglu(g'ggaﬂtﬁ flté R{’)}z%%ﬁh F %’c bﬂ)\féﬂx ¥ﬁ‘gpﬁs@s ﬁﬁgg t@@% uence.
17, wherein the efficiency of cleavage of the detected
oo b o AUERES brdih et bl vt 2Ry 8Ly
The nmethod of claim 17, wherein the efficiency of

LRI Bl U9 G T s SRR

act i Virhymm‘tmtl hehritis $epsis,\cands, aV@nEﬂﬁmmﬁﬁo’HZﬂaency syndrome,
PCT/ U81r2999r§ 0317g nfec 9 The nmet ho i g m 17, .wher ei n
the ef FRrCTency of CHeRyE§EHr h ov&é(tua& sgesg iplapmption, and

sequerasthmas |ncreased by at | east 1000-fold conpared
to the average activity of the Ilibrary. 30. A nethod
for treating a patient with a pathol ogy, the nethod

CXAYPTHeShdlighdadidlaith 34,87 HeRdn the target protein is involved in such a way that it
causes the pathology.

27. The method of claim 17, wherein the efficiency of cleavage of the detected substrate
sequence is increased by at least 10-fold compared to the average activity of the

library.
28. The method of claim 17, wherein the efficiency of cleavage of the detected substrate

sequence is increased by at least 100-fold compared to the average activity of the

library.
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the patient a wild-type protease with N nutati ons,

wherein the protease is admnistered in an anount
w@foRiogi7ant to cl eave a target protein that isPCHuUsiovEaB1719

with the pathol ogy, wherein cleavage of the protein

causes treatnent of the pathology, and wherein Nis a

positive integer. 31. The nethod of cl ai m 30, mherein

is. 1. 32 t hod i.m 30, wherein Nis

';%4 T#ﬁéﬂ%(tdrfg&ga? T2 whesioin 616 iongy A feavaesofihe det@z@d sabstrat

The mebhoscdk ifcdbdl b3%t 18490680 Follcdriipatll 1 he a¥eragd &%vny of the

nmet hod of claim 30, wherein the pathology is a nenb

of thdi%#Bup consisting of rheunatoid arthritis,

sepsi s, cancer, acquired i mmunodefi ciency syndrone,

respiratory tract infections, influenza,

c3H} dh ovethod ddrdreatiisapatient Wiglf 4 patindogyo the naatithd casphising aBGinistering to

The r IS .

cori narppSieBla e Breat e oo hGa3 el Rt

the t mmlstpned fredamancnsedfiditre tpeltdvelaogyget pr@d&in theh & involved with

nmet ho Ia|n1 erein atient |s.a .

3o, | Tita® RIS SR bR <Fites hePef ot e pathology, and
hunan.wkk@elnNheaﬁBﬁanﬁﬁerN aim 30, wherein the target
protein in a menber of the group consisting of tunor
necrosis factor receptor, interleukin- 1, interleukin-

131 engph@hod dftlagh BeUhdReir N is 28 WO 2004/ 031733

PCT/ US2003/ 031719 interl eukin-2 receptor,

interleukin-4, interleukin-4 receptor, interleukin-5,

| o, efﬂe%@‘%hé&of’éla’irﬁ@@,ﬁﬁl%em N5 @19, euki n-12, interl eukin-

12 receptor, interleukin- 13, interleukin-13

receptor, p-selectin, p-selectin glycoprotein |igand,
%@Sf&%&h&’i of 6 BO W&élﬂm% s-10f actor 1X,

i munogl obul i n E, "I munogl obul’in E receptor, CCR5,

CXCR4, glycoprotein 120, glycoprotein 41, CD4,
hemesl Ut dddd br clS5Bb QL YA |un1V|rus fusion

prdtan, B/, 8D§g é%% 1%B§ %%2 vascul ar

endot helial gromh factor, VEGF receptor fi brobl ast

g ) r e

% 52 V\'f(;ﬂr'é rﬁ%@fd’f clafrg;: 0 V@l?e éﬁ% ﬁg 8&%1%% hs elr 1116\%%1?169 fog%: gxoup.fzga_slstmg of
rec eptlhcum@@RirthI@iéCRiﬁsls caxgie?, ac@riced llﬂkllan(Bﬁbleﬁ‘,y syndrome,

BCR- Ab| ntha ki nase-3, cdk-2, and cdk-4.
41. A’ %m% X P ohnf%oﬂ%sr e ca %PW%“E"ET!%’ES“%“}?&““&“% and
identnm&hmto the am no acid sequence of granzynme B
wherein the pol ypeptide has a nutation at at |east one

of positions 171, 174, 180, 215, 192, 218, 99, 57,

180, The3ethdll of 2B6m 36, Avheldie tHePiRossk id 0 proteadem 41,
wherein said nutation is isoleucine replaced with

al anine at position 99. 43. The conposition of claim

437, TReh&hdl Falaihn 30 WidrQA tHeSarpSipRstadichfes @B bARSIHM t h

38. The method of claim 30, wherein the patient is a mammal.

39. The method of claim 30, wherein the patient is a human.

40. The method of claim 30, wherein the target protein in a member of the group consisting

of tumor necrosis factor receptor, interleukin-1, interleukin-1 receptor, interleukin-2,
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al anine at position 218. 44. The conposition of claim

41, wherein said nutations are isoleucine replaced
wWOwah/03EBani ne at position 99 and asparagi ne reQI/ES®A3/031719

with al anine at position 218. 59

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, CD28, CD2, CD3, CD4, CD40, vascular endothelial growth
factor, VEGF receptor, fibroblast growth factor, FGF receptor, endothelial growth
factor, EGF receptor, transforming growth factor, TGF receptor, CCR1, CXCR3,
CCR2, Src, Akt, Bcl-2, BCR-ADbI, glucagon synthase kinase-3, cdk-2, and cdk-4.

41. A composition comprising a polypeptide 95% identical to the amino acid sequence of

42.

43.

44,

granzyme B, wherein the polypeptide has a mutation at at least one of positions 171,
174, 180, 215, 192, 218, 99, 57, 189, 190, or 226.

The composition of claim 41, wherein said mutation is isoleucine replaced with

alanine at position 99.

The composition of claim 41, wherein said mutation is asparagine replaced with

alanine at position 218.

The composition of claim 41, wherein said mutations are isoleucine replaced with

alanine at position 99 and asparagine replaced with alanine at position 218.

59



