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A Yid i ng nol ecul e, including proteins,
eypep?lagd peptl des, and smal |l nol ecul es, that bind

250 2 sdbigwred fshewsiazsehepatio|far epseyiegpidi Fdvherg g griori information
bi(adi, BGm e fioldElin ﬁn@dinﬁﬂbﬂ)%d)énﬁﬁn@l ﬁtﬁbﬁﬁatfomwiesults) can be

t her hqnﬁmg%fnefé 6%?/@{1 émg deveg ent oIhls guided approach

PR f g
eqfthm ic@fateddo e “fiideingigh” nngagaesiThe t er m "defi ned
region F %ﬁiee%osshg%fs ﬁ‘éﬁ&? vfﬁecgbgﬁ axﬁfd-gppg’é@ﬁeﬁc%t(hﬁ‘ﬁennost

regroninc

50 peshadediovels) and thearsubingiseavanecs ia 1IN 1R eubstintionginsgpea ovals)
th‘tﬁ‘a:b' inghrs. 1R iAdiPRuA NIt Qﬁbsﬁuﬁioﬁﬁl hRGNIB QWY i8di% dual

re or, or a catalytic site. The ef|
I CHBOPYRSaSES £ qHgoBugieRtide;, Fbél%?mé )y ﬁg%g%o‘i}&%%ggﬁ“ﬁ dashion. TTM
Fosubesx ibfakies fdrhike ckhabd (mﬁtM)’a‘rﬂnO acidanbstitatictdean &lis CD® domain are

n rtlons of a conplenentarity
dépgﬁﬁpﬁﬁ% néﬁﬂ%ﬁ; ) or a conplete heavy and/or
35 | i ght dﬁgure %ﬂluamt@ the gcltamt(duR)f soFv Hbrazips.i Qo the. tofrhag of the x
Wl RO Bl 165t bty SHRYGF HHR 5%@&& tﬁféégilﬁts%%ﬁwnt ﬁf&'SeCDRs on each

I ne reglons t hat contrybute to th ctional nns
ac,q fiths light ghd beryyishpweh eV dicates pivild-hpe Ly ssquienges Whgreas a “1
t vidiestes@ ETNPIn&idESDRUTROAIMB& Gnake€ gfid inficated thd@mplexity of the
nmet hod of the invention. The nolecules of the library
can be in the formof polynucl€dti des, pol ypeptides,
pol ynucl eoti des and pol ypepti des, pol ynucl eoti des and
pol ypeptides in a cell free extract, or as
pol ynucl eoti des and/ or pol ypeptides in the context of
a phage, prokaryotic cells, or in eukaryotic cells.



The term "nut ageni zing" refers to the alteration of an
am no acid sequence. This can be achieved by altering

w@eoopnedwti ng a nucl ei c acid (pol ynucl eoti de) eepabioe4/020306

10 N

15

20

25

30

35

ofencodlng the altered am no aC|d sequence, or by the

di rect sis of an altered eptlde using .,

preBbset e Eﬁe I exgmplera ﬂaeelmwrrwf rastat dieq }fmxrléﬁ e¥’swhere the
t @oﬁasploﬁdimg cindsy Hies redHODNMITBI00T i decating hadNone of the CDR in

A I f .0. RNA
R e S O T
ac?d c@mgmoghaf .‘ye)lghmwé‘sl " igeid positien pohidhecdesighiidd by xeaxis “100” and
b AR08 MBS ineahdrty,, CDR is MM V@Hle mjgg@ﬁl%&%am wild type.

C el C acCl or enzyna
pémwsén dikewisgfashion, a gHdinpmbatiioefs 41”rvmu1|@| meﬁeﬁh‘»yﬂ@rei 2] four CDRs

b ggﬁ%l[hﬁ%@lslﬁﬁuta@é!ﬂ LAY the rsévehW\éhd'@é%ﬁ V‘Eféhéuﬁé‘ Bndib&ted by the
a 1 T1.0Nn € NucC
2 e e it e, S EOR. Tof Vi cshiamhs.dr hen amefifigdend mixed

| ian& echtahed oy snpagirdtkr (@ geherate alV theainhini®l V1 -Vy combinations in one
n ?)oval ently) to a detectable noiety. The term

vari ant polynucl eotide" refers to a pol ynucl eoti de
encodi ng a correspondi ng pol ypeptide anal og (or

portion thereof) of pLhfed DUSHpLOR of ¥ et 2Nt

pol ynucl eoti des contali.n one of nore_codons _that have

been cPaAKEHQ Brovide s dlear yndsexanding ofithgspecification aadh¢laims, the
arfoliewiag delfinifibss ireproviged bepept | de(s)" refers to two or

nore am no acids joined by a peptide bond, e.g.,

peptides (e.g., from2 to 50 am no acid residues), as
wdddfinitiprisonger pepti de sequences e.g., protein

sequen d ' ) ' .
q%%i%@h%“% PLaRL Ko TRELS &5 D4R oP Rkt popeptide Cora
et gleicragidl encoding arethe pelypertidelhayingsonefangre @mino acid substitutions.

y 2?0;:1{[?6 édﬁrﬁf ‘g{iﬁmh n?dgtg:ungn’ RIS anf’ bindgd IﬁHrEgl?lle tégéiﬁdmg proteins,
r é’alygslét}ﬂeﬁ Bt e rnh Pﬂaf?ghl%ﬁﬁ@%@é?é@ ass'@ﬁtradtﬁ Ok {atgef.eln one
p @inppédinidnc ehe Bigidong. mdleeul el mcauhb@dymymﬂ@ng firapmentftbersdf (e.g., a

BT, g SRS T, B30l
s epprble of tasdinghdigands in sol ution, and/or as nol ecul es
i n oneTqE tdFR{ ‘Qieﬁhg@ﬂ% ré?rsgto a S%@@S ’re%&? 584 é@l%ﬂ%ﬁ e.

ce

cells, or eu aryotlc term r edet

arfivRisallyithe defined region ll%ﬁlildéﬁ?]h er %1@9lalop@§ Rduectiopplsitecg., the
f Gindstphstei dfatligand, &he Bﬂﬁihgl%ﬁ& of b Bihdig Ihblécﬂle@ﬁéceﬁﬁr or a catalytic

ot B el SeatE iy o PR RS Gt ofilipSlfPaaly. For

( exgnplesthe defhddregoornbainchideallpa pottibey or meltip Errioniiona off d

a'&glélgfemé tanw a& gﬁ‘% r@%ton g@Dﬁr gls {)ﬁibf‘ege 13{%%1(/9 aﬁcpgr light chain

predeterm ned am n

pmﬁéwg&m QR I gngatibedst ddhup.p @@@m@é pidemay ingludga single or

g‘;ﬂ% deMY&RIYebRAs %’ﬂ Eéﬁtﬁ%té‘ﬁ) B TendiioRhl RAGity of the molecule
pre erm negd. am "“resi due | |ven

regio n g}bra 0 Fﬁ: t to {%q o mgqeénpf;g?lgq Vug:\gemzed accordmg to the
p(mhqﬂ]immﬂ thi@m&eﬂhdlg sTiganeleatlecbfealibianscdnt® in the form of

pr o in the ..

" oS AT bl MolaR bRl RAFbLBRANE] Bhinhdfetides and
apehpeptiied in & celbfre@ c:éoact,ow aquiamuqlmﬁdm agl/grepadypeptides in the

c I e group of
N T ety e

i ncl udéhefgm és&'&ﬁe%zm@ i ff“n@ the, alte%wn e apigp jagid spquence.

S Ml dain be @thibeed Byhileeitigde prodiéing ¥ siueleitCacid (polynucleotide) capable of
(nucl eophilic); valine, Ieucine, isoleucine,

met hi oni ne, and proline (hydroﬁhoblc) phenyl al ani ne,
tyrosi ne, andtryptophan (aromatic); aspartate and

gl utamate (acidic); asparagi ne, glutam ne, and

hi stidine (am de); and |lysine and argi nine (basic).
Det ai | ed Description The study of proteins has

revealed that certaln an1no aC|ds play a cru0|al rol e

.

('\\_




catal ytic event of an enzynme. Though it is clear that
certain amno acids are critical to the activity or

wo eovsomms of proteins, it is difficult to i dene@T/ys2004/020306
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whi ch ami no acids are involved, how they are i nvoI ved,

and at su stltutlons can i nprove_the protein
s tPPERAIRS the gftered ARERQ,AL1d FEAUSRGS OF Bihihe drgBiathepis ohan aliered

cqng}pemdeyusﬁfgﬁrb&usﬂ@imaky confi gur ation of amino acid

of “ai f apdiE psReibRERe R Rl st Hrtteisha as BRA hBrecutes and
cA¥A |mmltce11etscanﬂ anarhogs thareof {an aDNs%r ¢reRN Aggenenatadpisimg rtuokeotide
' %ﬁ%éé;&n@f Q&&\@ff&fﬁsﬁ@g sired, the & 01 cl&ﬁfde?ﬁ%a? be made

hea % haih o egi o
c G ﬁtwilé, étga vtﬁeg At eqganized nuqlgaﬁ@rdmhﬁmisﬁy Peoranatically using,

yiibiadd G‘Pﬁﬁéa‘l niBRiAQESns ﬁrb‘fﬁﬁe ﬁﬁ:tlﬁ%tﬁﬁlt bi€inylation, and other

genesi s an at ur,
ESions: O pdiiocay ﬂtﬁl}lﬁCfeefyacr&n@%@I%qaaav sgle-stranded
p ro@ﬂeub‘le-stramﬂeﬂ ané, winste tewietl) ket 0r ¥dsowiatel (685 coOValentBus non-
?_%?gaqlglggétgga&e&ﬁ&evarl ations in conplex polypeptides.

true g| ven that desirable
conbi nélihﬁé@rm mmﬁn@wmlﬁ@ud@’mﬁfeeﬁtomqlmqhoe@e roedofg a
V%%ﬁe%ﬁ&%ﬁeﬁ{g bﬁrﬂaeﬁl'a o%t(bfyl&ﬁgﬁ’{ﬂé?éoﬁt})mhé’fnv%ﬁﬁ&?‘l TiRE, variant

n0|fe The t hi ventl on provid
fades ﬁ%ferrr QE’&I or maye opdegR that Beva hespshangsddassult in

f@kpﬁyﬁbmaﬁamgfefdﬁeamg{o@cﬁ partr cul ar am no aci ds and
their re

pol ype iyt e ek RAetef aPru G pEfors wingiicidgdoined by a peptide
pdonpens.i piptidesd(e. g Hism 2ftor-56 ﬂmﬂwc@resrdpes)ymell as longer peptide

g%lé Pésceggeaproﬁln %Iu 1ces g&%@l t%‘::él %r#qlﬂlnoeagid sequences from
r @§ rf%’h aH?0 aioeid wsﬂﬁrshto anqre ghagi lsp%)raém@@ |aeldtr@s1dmsr
mut agengsitsim PoLliAR! te¥ors idBe COMbRIRE @rp%lﬁﬁicle%ﬁﬁg vsl@an&eor

rtant to, the prot n.s structur uncti on S
epg? Speplidy anglogs o Cein s TERIGREHES ﬁreﬁroogx e mfagiifesis of an
V\Aeaﬁres;ioﬂmpmleaﬂegmd/me nﬁala@ilecscm@ beiRIBRE fEmasfa Ikdmmle@tlde and/or

B y—
rray nipdecaled emlscrzlytlwm dadl/ongs mnleonlnsini ae. or Fgore exgansis, (e.gh phage,
61&?}%{(0%911@ Br Eﬁ&r?&xc%ﬁs)‘ hat has a role in a

nct 1onal , bi ndi ng, catalysis,
an ot her hPlE‘?ﬂ‘!’t .pcs?rletfrrﬁn%qﬁiear@ﬁe aeiirEsfers to AR aming Mremdue selected

r g6l SBstitation SyRel p@dﬁmbrv&hﬁleagdeﬁﬁe@fegmm aepmyﬁ@rlué ¥ be

oA SA RO S0 (R oL 0L S L R e

a nptrdlly) nowthinahe predbtermeintd aimine adét ardyiinispeghick gieedinot be substituted
( S

S ML 0B, PN gt
f @ecqidiansg Sndighe present Seveation pepteinPpe torethat preafRrpdetermined amino

AGLT” F&%ddéliﬁ’ aEi\%anEﬁHQd ﬁegrrdil e RE c6183RRIY Re library of
sub tution Wwthin the defined region(s) I.5 general |

cfAMBIEE BENSEAtE SUHaIDS T s aming figd at cach position
St\mth’nﬁ thegegion being niagenizetl NTepiesily, a Pheictetmiiad amino acid is selected

h .
¢ Rt P BT & B R ot Vira it gt BRAB A B Bmino
claeidi Saiitalple predeterminet] hannm@ inelofie, foi eranzgpdé, glyomapnd. alanine
Fo £t(ejﬁébﬂy@]#{aﬁjj $6rifd, 1Rk AR, %ﬂd @&&Sﬂu@ ﬁ-uﬁieogﬁﬁﬁ §:1Afn& §¥icine,

finities,

oéﬁﬂmcrnﬁgmarhr%nea and §r0é@ﬁ élmlrmhob% nienxléla@meegyrosmm gnd
previ ous nethods of nutagenesis, which created vast
nunbers of anal ogs for every substitution, were

i npractical for evaluating theZffect on protein

bi ndi ng of substitution each of the twenty am no

acids. In contrast, the nethods of the present

i nvention creates a practical nunber of anal ogs for
each am no acid substitution and, thus, allows for the
evaluatlon of a greater varlety of proteln chem stries

o o Y 1 o s o

Pr;
(S|te d|re 31




protein. In contrast to protein binding, only a subset
of am no acid residues typically participate in

werwgiedskt or catal ytic events. For exanpl e, fPrPONMUS1ve4/020306
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chem cal properties of the side chains, only a

sel ected nunber of natural amno acids preferentjally
pé"rYPFo@sﬁ%f?’éomﬂlcéa%saﬁV%tP and ghiraate QIQ; bivaraings pligamine, and
b &l hidéhet (Bmide, @d SyinOindpbidineaBski¢)eut ral am no aci ds

such as Ser, Thr, Asn, G@n, Tyr, and Cys, the group of
charged amino acids, Asp and Gu, Lys and Arg, and
especially the am no aci Detdiled Dos¢rgrtiopol ar and neutr al

si de Clﬁfe@ﬁldgl ot RARE NN re da?ed tﬁglrcert-;%l ﬁ‘grelmdgsbfé ?%Drbqumal role in

Tyr. consi dere er I'ne
ofthqlh$t§1°§¥f@ apsd ﬁlsefaora NPT ERAmpleait aapﬁarrwbetr qrdjie dissrate pymber of
f erfﬁl(ﬂ Qmﬂ‘é/}?d’r@ﬁ :i’te RPN DindiAg o' @SardiBodded di eﬁﬂ%’en or are involved in the
é at t beta carbon, therefore only one of
fa Bl'il@éﬁ’éregz}in%e used. The acid amide G n and Asn
C an al S[ihoﬁgli md'\gléﬁrabﬁmebﬂﬁdlmmdi heidoare deitigal ol fife activity or function
B
t farolyegin anmwbat subgtidietiansiche ippiloate thyruefeimipstaicturexi Binetion. In part,
a@ﬁs LG8 he 50?@1&@1@7 (S'chﬁlé %’uﬂl 5&?1ﬁ%ﬂ1%t18ﬁ‘bf‘alﬁ 'a%hd s-mé chalns in

has_a very roxyl .gro henagl i c

diPebwepiades aa@ the; lgtﬁrrshtlvlaqh%gf dlffﬁwnbm%%ofstéﬁam@pude That
| icksgtributha fgeta findBosd) 3it8); For dxatypty; ﬂﬁﬁﬁteﬁ@lﬁﬁ&ns’iﬁlﬁbetween the six

< SrPEE e Vi e Ao BEn o ndp e Aboafgontibute o te
[ mntagaMrhgaBd-buﬂmgpdmkyt usual l'y form hydrogen bonds

with egg i Suﬂﬁ?m nepls fnﬂetﬁ&ﬁ ;ﬁ#hl’lg’g@édt §y ?e;:éﬁ &%&n@@genesw and

can for st1dl ne
hetlarasiopanytegeaeosare ef lsmu@d wliléty dordhe pfudy pKpipsgin stregture and

S ;%nctﬂgﬁéﬁ ?%wﬂfﬂtﬁén Cﬁg&ﬂiogéglruﬁtgh;@@)emlb V&éd;tfﬂtng %;'ﬁélﬁ plek NY
u Ki
h;l’ér}}i?ﬁlé Fo I%Fﬁpﬁﬂgﬁ¥ GG ENGR ﬂg%ﬁﬁ%@ i %éta%t‘%?
arecdngythiddybyeattiepleatiice offivast iatoftiistof usiddsirable eofnbinatlons or so-called
c%t I yzing chem cal reactions. It is found in nost of
Sctive centers of enzynes, for exanple, serine
pr ot easde metiypl efithisGhventioe privudesiasgstymetia pyatical and highly
p [
I&)f@drgtje %g&&?&hg{bggvﬁﬁ%ﬁ%ztﬁe Rle Bbﬁﬂfﬁcﬁﬁf&ﬁr an 133 agﬁﬁ Gh@idir os1t10n

the carhb IS ratner respe

t GVithiea ﬁlﬁﬁmr-déﬁ&lpﬂ of mpbfpﬁﬁg,d%@ tha strycsrs on fuppjion eé the polypeptlde
C ahBaKd, feH Roduciy iRV ogjzpébh@es&tes i's provided by

Asp and notp?by é{gum?:har?e ids are generally found

at the surface of a polypeptide. In addition, Lys and

Arlg Seleerihpuilifinéd Régogur f ace. They have |ong and

flexi bllﬁ aédo?&n%@%ﬁ%h@@%&&ﬁﬁxféﬁu&&“ t eﬁhgd fe%ﬁc%:@rr ?%1§£S within a

sim | ar ener gl es veral cases
pa@reteinre egleniadofor musagenesis al ypiesdlydde gegwnq myelmleé t¢ e important
C 3} BleyptbRin’ SRARHUEE opﬁmkfi@ﬂ (sesﬁsngq ATH SNV cfeﬁﬁ@edofor

t he ti e nDre frequent|
r && Hiezgﬂlgﬁ’{haéﬁtﬂf{?é@ ‘[’tﬁ’é‘la IFBELS et W§1Q§é"an be deduced
C g c@hpﬂ‘ir@&h@déﬁlﬁdﬁe@bn(d)éto&hﬁat s ladowiomah®Stodly ofdtler proteins,

P RS ol b GuBicY 55 BB E T Bl g an bo ome
arﬂm hang irade ines fudoeonal kide, leage kin binding e&alyexs o1 abothpr (ﬁuptlon In one
ol Iﬁi(?oﬁfn‘iéﬁt qaygaﬁlea r&gibh ?g%%emgm%e n@s&a Bfcpie:

resi due or use as t eter

Setesinipg wriog(ePR)afjap ag?r&fffl binging mpdseien)| m;anﬁ@et ?rabodlment the
alﬂeﬂﬁemgﬁ)ﬁ is & p6itionf alcamiphenentaily Bete@Ni@ingdesioh (ODR). In other
Look- Through nut agenesi s for |acking a desired
chenistry. 3. Synthesizing Poly®epti deAnal og Libraries
In one enbodinent, a library of polypeptide analogs is
generated for screening by synthesizing individua
ol i gonucl eoti des that encode the defined region of the
pol ypepti de and have no nore than one codon for the
predeterm ned amno acid. This is




acconpl i shed by incorporating, at each codon position
within the oligonucleotide either the codon required

Wo onseyIsehesi s of the wild-type pol ypeptide orPEI/csmo#020306
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for the predeterm ned amno acid. This differs from

the ol ] nucleotlde uced in saturation

mIRGEWaSs tWo QhEIgH: 4?31@53 E98890155 - 8o CLARA QPR ghereot, are selected
rrmtbxag&mg&ieslsi n that, for each oligonucleotide, only

one mnutation, as opposed to multiple nmutations is

made. The ol i gonucl eoti des can be produced

i BdiSeledting b \Predederinivend Arvinedicof Rggodleed as desired. Wien

the coqen Biind Q&% Ys ﬁe%ﬁgﬁnﬁgﬂﬁﬁgﬁlﬁu@@ﬂmethg ﬂgﬂﬁkdfrgélon(s) is

t he pre etermne am no acli ar e
s @BaepY sqlesied Somdlrse knews telbe givplved i theipeitragr fangtian of

aghtereBI0 SFHe' t@@ﬁty‘&dahﬁél[y ddearsiff dn!ﬁﬁg aﬁlﬁg Hﬁﬁr Withl respect to thelr side

det er X1 mum nu, onucl. eo

F o A S0 AT | ESHODHDIF 196 SRt GHheatch il TRk R mino acid

t haiqueedoi gk purpede afalteing Q)lm‘ﬂmg bedredtingmew binding affinities, any of the
%Xl\{}y ?18&]?51%%0%111&1 ngsamq aglgs ene(i:all%foctah %e Se I?ﬁ(é(gsfgt |8 jous

ence-’are syn
omethnds of ayitegencsia thscrhm‘mtadl st slpbprs of hunadegsdior Fyery substitution,
mv?@ré‘ﬁﬁ’prﬁct,tuﬁi Fod %thﬁétﬁ%tthg 8fedtOh ;Q@t@ﬁﬂﬁﬁdlﬂ%ﬂp%b%ﬁﬁx tion each of the

library can he synthesi zed readil

f Y eKANINh s I contrpst, themethodg o RERdCt g YAnfied Cfeaiss a practical
Ofnuﬁfbbt 6ff kg fliedach eppivaridyibsiinesd et aisdalldvs for the evaluation

S .S, .Pat . . 4,725 677, F . .
c R0 exelshvate o piuep Shimittios R b AeFes i uReiop i Resips of
ca@motbig. used cont ai ni ng specified reagent vessels of
nucl eoty g&gras{r Q?r@t@ nylﬁH&lhg O&ﬂl ?%uﬁg@}’of%ﬁﬁo Qﬁd res1dues typically
synt hesi ze onta Ion sit or
hpBYticénaiein; carymaticeey qatsdytmwemaﬁer expanple rosy ﬂ@tqhsml@l properties

agf eEdide Maids h&ﬂ?@'sé’l@ét@dl ﬁelhbekeo?ﬂaeﬂal%?ﬁé théiggrgl%fé}entlaﬂy
ntex

deflned regio Into a_| arge
e BB s SrhaL 98t 9806, BNt K e TS of polar and
| arged] aganeaddnsduel as Bér, The, Axol B Tyr,dad 036 We group of charged

?léﬁﬁlgoegdﬁse %s@én&j ﬁlg%ggﬁd t%%%’ % eerslﬁetj:&a[ ggﬁgalggm aé:hcglblg Other polar
maué ncu;trad side ghaing drgrihdsa@f Cos.cban ThroASmGle endl @iyr. Gly is also
r %@ﬁeﬁ&&&d %%ﬁ&ﬁne riefter §thidEroud: $r af @tl“hr Bﬁg an important role

e recognition sites are deSI

c é‘? %%eﬂwlw%gqn&?a@ﬁ. Tbrd}asentaé@tlpﬂ%ltasmﬁw atesbre beta carbon,
Nalidgefald ohlP bn@bLthe BefddiloaRels isfséd) ETIRIRE :ﬁﬁﬂé'(ﬂﬁtaﬁd A@n can also

enc he r on ter.con rS|on
ST Bosp i R b F PR it JS0TP dpPyS pmd the
i warbohylezrgersdfuhstioningrad acceptars h Gilighesone Byoren€d s grofip dran Asn which
a?g{sd‘rah& Jh?b@]ﬁ}’ Sl%hﬁ Ensog‘% fai%;“‘gfg 4’ recﬁlé:g% g%ﬁl?&g&io\ﬁ%itt}ﬁh% %main chain.
e>2ftyr hata V%@gl@r hpdrokdrgrowm fphemllc OB) thati¢eardisgociatecas high pH
S Yyl eyﬁwhaﬁesebﬁ%%mﬂefa éﬂaegmlmaﬁowﬁﬁ% éhe&mdk Iare rather
cases where the am no aci d sequence of the pol ypept|
t STRRE it ageni zed is known or where the DNA sequence
is kn O\Meutrgbptﬂaxsnﬁnk hesfohnd at the Bﬁﬁ’ﬁdebis evelipg indddproteir molecules.

L AT ——

d@glyg le bpgkbdnet Eiyman fﬂmlydwdﬁé@bm@s are then
phos ph%yﬁcﬁﬁ@ RS alhe%rzs&ch@ Qfoﬁ'rf e%%aﬁtvﬁﬁya BRVall of 6.0. In

tO gl ve e- stran ecu
w?%aafe?é gHgapge, dp aﬁsdaaélemg capype ¢ither pagharged or charged, after

amm@g g hydid gerbion €ine the@dlutidon C Sihck figke BRo Bates dre readily available,
together and ligated to forma full-length

doubl e- st randed nol ecul e (see,-%®-g., Fig. 8).
Convenient restriction sites can be desi gned near the
ends of the synthetic gene for cloning into a suitable
vector. The full-length nol ecul es can be cleaved with
those restriction enzynes and ligated into a suitable
vector Cbnvenlent restrlctlon sites can also be

Y 1 . g o o - o a1 1 . " o




doubl e- stranded gene, pol ynucl eoti des which partially
overlap at their 3 ends (i.e., with conplenentary 3

wepas)posah be assenbled into a gapped struct urBCEOS2004/020306
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then filled in with a suitable polynerase to nake a
fuII | engt h, doubl e-stranded gene. Typically,
oVES Isauie sitaile %&aﬂab/@mg@b§msﬁaérqa%9ﬁ84 étlgémmsidn &st gkthe active

| aeﬂt@x@giflanzﬁﬁ& fofleRAApId, ReinY ttﬁba@eil des are then

| t t ctl
et oadsaad i, hﬁe”féeﬁé@’c’ei%ﬂ}asggff HELYREIOER . Beesn gt their short
perdpchais, thE(chlfbomy]rg‘o@ ofeAdp xsmathmﬂlgld withppspeptrtoah@main chain. This

r g?aérrﬂegﬁx g&g&fégﬁ} a(%arb%@l@’%%ﬁ? i %ﬁ{xg ?%g 15 Qi)ri?ivf'ded by Asp
g @n‘énﬁfrlagﬁhhtchﬂégﬁdtﬁ@dglammgemrfdlw foyed aidhe mrfaca af a polypeptide.
appr opi aiMtiNE atyRland Ag bRESEnARRHO 8GRRS., Théy RRRMSHY &Y flexible

restriction siftes aire avai |l abl e (qatura or
efigebaing ajeseynedifiplegeimess wrenppgéesdg@é@y@gagtcéses Lys and

P Ary hakelpaatih cf@mﬁgmt@ﬁall salt beidpesastshidsiadp endatalyddy. Because of their
clonin ri at.e vector

ng t set rop . .
ncERiN 01k 8RR oF fhe pBlvBeRias BB (et HE Slayenify recosnized
i byenponex thet athet medidy thgesidef chgmmr chemye thizl peptidochain at the carbonyl
eég@gfg whgpedot h strands of the gene are fully
chem ca synt hesi zed, overl appi ng and conpl enent ar%/
degene rngJie i s e@éﬁryc%frant?@np@ aeid caguide the selection of a

C‘Pi’@@ﬂeﬁb:i@lﬁﬁ{e@ra)hﬂi’@hél& ré&idule A8 |I'ﬁ>|k| of @l dg@lt&?ﬁfi& Qbﬁl}@ Eheﬂﬁbﬁﬁ canbe a
ar a 0 nucl,eorl des
Do S B g S TS b U b pled e Aino s

alFepexmmple,rstaidally smald apdelanadallymapkrac@minb acide, snth tdalanine, can
p urtd

"8 B EE A ool ARG RBE AL ORRUBER AL BLARS.
partl ally conpl enentary pol ynucl eotide fromthe ot her

St XAHBYi- B % %’ﬁdee 1 BPabst h @ pol yner ase.
| ncorparati on ]g enerat e poﬁénucleotldes at the
stage of °§§/ﬁ‘iﬂh%‘§m§maﬁ T3y RpPPIyPeRiide applpEyis RRRGTAteHSpscreening

t ibgrsyﬂuhes1@iﬁgw|1div1aﬁa1dﬁ@bmmwtﬁcs that @lcode gRdefih&d region of the
eni n_ anot he

" 2oFPERIG g pele BF igre nef PR BRFML IR S efePing g adia. This s

t Iaecogepifshahhy eordomating, atrech eodonagsitive otithin ﬂme odngomuﬂmtide either

t
R N e L i
tmée dgtesmiied gnyee peid. Bhisgiteryfomsihg gligonuclegtidespproduced in saturation
t @fRh@nesis, Eirﬁlndb%ﬁﬁ ﬁ@& ¥t WhlkathfRich PhuttlRaenemahe:, for egch

nuc tlde resentln the desireq nutations a
ona i%?ﬂ&ﬁoo Y 8 At S OPRRRSH S0 PRty MLt
strand ’Bh@todxgmm:dmmkled ¢anrbeqirodueé tndieiduallyadnddien inéxed or pooled as

| rd'églpe%u glﬁfe{?li: k%o @(5]1 %‘Orﬁé %?lg t%ﬁ@%ﬁ %ﬁ@ gg)c)%doﬁ%ﬁor tﬁ% predetermlned

ap}:mma@md@@rth@ﬁmwjménbstwmn ipihwdel oni ng steps where
mul ti pl}?ccgﬂfﬁ?glysth@ﬁﬁnﬁ&l 11% Eﬁﬁgﬁﬁ LS h$he deﬁned region will

PoI nNer ase ch al’n reactlion g%) can al so
Heithe magwIER pumRen ] lﬂeelll%mdewaﬁ% rexgwple, if five codon

F@b glﬁlsﬂsﬂﬂ’e Qltedel ®v1ﬂﬁh¥ ﬁtéﬁét@ﬁhin@@ I&mﬁftﬁﬁm |tNdiﬁixibq1bl§&ﬁlcleotldes plus
use nsi n
o SR RSP LR s BRI e FOC R dglfy deid SELER{ o synthesized.

c diwcesipootiragiohocansemulédnienesdy begiterad.( or porti on

Lgftr e°f1>h %&uﬁg HP&l%B%H%l@%ﬁc%eE ??Iege?lgraBFH of the %ralr? 8 bk Bynthesized
C gg%iély bé' l@gwﬁgn%t ?flﬂ foreNadseyntiesis. Thgor grr ethod involves use of
aplid ph4s8 be@byaddthyd iphSsphbraniigité tlnFEYy. Web IU.9.aFaY. No. 4,725,677.
dependi ng upon the Tength and number of regions and

amino acids within a region thd0-are nutagenized.
Preferably, the library will be designed to contain

| ess than 1015, 1014, 1013, 1012, 1011, 1010, 109,

108, 107, and nore preferably, 106pol ypepti de anal ogs

or | ess. The description above has centered on the
nutagene3|s of polypeptldes and Ilbrarles of

I T . 1. i




nmet hods of nutageni zi ng pol ypepti des by direct

synthesis of the desired pol ypeptide anal ogs usi ng
w@e@s®e0Iz4Them stry, hi carrying out this approrchpyS100€020306

resul tant polypeptides still |ncorporate the features

of, the invention except_that the
oG AR P BISEr 1 an PR B P opated DN wn peyased containing

| Isbefo@ﬁdd&%ag&hg ¢édsbie g)/f ﬁbﬂwcﬁl.demh’l?hdﬂptblyhﬁblédlﬁei Maal®b be synthesized to
po nuc es, and/or ¢ t it
SN e SRR ET pipel RUFERAE00 i BaneiRER b Sigon
t @Sﬁn@w oLths ppbmnclpom:as hepaesentimg, cergo,cﬂnlqﬁned negion, into a larger gene
5 pr [ably arrayed, using art recogni zed techniques.

pression and Screening Systens Libraries of
poI ynu djhe @Vlilthgsg,z ggs ognye drsertpd mé@ avasger gene context of the

t @6@@&:&&&%&; lgg{rfagémﬁé& Bﬁml% ggéﬁfzifam 8 n&zmg t%chglques For
SR E PP BEICEP GES GO AR %%f%ﬂeﬁhﬁwpei‘lﬁ% tes for
ofredttﬁrﬂlomﬂnymﬁai iSde CaswaRQASS cCRat. We. 4;888,284] 'metreu%nttg)n sites are
10 a'?i%méﬁjéd]t gesep)é)gt a%s rselc?&lfj&rls ? ¥1%a§)é elr%xli(s;t] (r)lV%IaIHX or gret introduced in

ditlspgeny ps@»emmsto (thae BNA encbding e miziopl ayfieacdneersietyinto double
( QtrShded Tt QRS P&&ﬁ&’cl&fud@&fe E{eﬂﬁg)thﬁgj%é@b%)étaﬂ%%&hques By

bacteri al display systens di sp syst ens
pARAEAT YA %Ppé@maée V%‘;RI/(B%CI"@% F*ﬁotpihég?:léqcit@s (Plasgids) the genes can
y%SﬁtrdﬂuS&l Yo 8 ¥Ell-6E® pxtrdct) phAge, prakagiotRtkll, drit@karyotic cell suitable
15 p&%%/r)](uc S,otlg s are ten%ﬂ) ete(ied to serve as tenpl ates
CXPEHSIBR © gbar el P9 Bl free extract. Vectors
and ex{n aases whsredbs emitvendid fequenseanfiftiespdlypepti® toRtmt mutagenized is

N@Sown of hefedfe DNA ?gqugrjrcye 15 %{F\gé %9% %ﬁﬁl&lsﬁs gﬁ&%l@ Iagproach

many are conmercially avai 0y
otFﬁé exasanle, marteadivt ever pprgerolyacleqtidks. dypigally about 20-60 nucleotides in

pQéﬂgﬂU&in%ét dedBmbd.- The m@erﬁeﬂ @etw%oﬁ&s%mbﬂ BB&ph&§lated annealed

henot ype) can
20 bt st GRS Peasi to 2o dophiecitfinipfl DNA malsoulpayith single-
6 s&ﬁxﬁe&&&teﬂﬁoﬂéﬁseﬁﬁ&m ﬁ[’tﬂe@nﬁ&zﬂh@ Ihe aﬁhéz&d&dlpdlts\beh ]zhen be mixed

| R e (R e G Rl te RIS 8 i ).
t Kenverdentrediaetidnysites cakbendesignnd nSirdhe ends OPthectynthetic gene for
a%ﬂmﬁk‘gﬁh{@a stP‘tab e'\&etcfb:r Eﬂgm %@ﬁoleé‘i%gs 2 belclABel with those

Skerr a, Bl ot ec 278 %’199‘%%
25 Tﬁ%gtlﬁ‘?}toé‘rﬂnzmlé‘l @ﬂn%g afesiinige witableyselar t Gpnvsaicnbresisistipn sites can
t fﬁ%o%dﬁc&ﬁi‘%@ﬁ%ﬁ @itoithe deqBert¥ bOHeaghihefic R 1B FsdiRbiedntréduction of
des ri bed M Better and A. Horwitz, Meth. Enzynol.
a%%c @YESS. 1 n one enbodinent, the single domains

enc od| P Mﬁl‘amhti\/b t(amtlmaxzingqicﬂymxhbdtlde}; represéiting tiek fofl-length
a I

d%ﬁglg Psﬁ'glid . pel f cﬁbﬁ&@ wlﬁaggﬁﬂ%@y oi?éﬂég agﬁleir@e ends (i.e., with

nal sequen
30 g comt@mm‘wéy eBiy) carsg sgmgc)l juto memedgs@wetufwddh@,n filled in with

aRSuASSIe B’Sﬂyﬁﬂ:rés@ t&nfdk&h Il Eﬁ%ﬂﬁ dbggtﬁgs‘étﬂdﬁ&ed el {F%{ncﬁlﬁe ¥he
v

can e expresse ma_sin cr
e cqlyHh e ¥p4ew H-Senudepdeniie gf?lhﬁlemqnded
r @bmndclaa@desare hen ﬂl@@t@dl eCedvenienddsirictioh G1tes caf Bk éitfaluced at the

§§ %i/or’ ARt aﬁlg(ihlhcg é’ Bﬁtgo%eés gﬁgl é%n(g %gésllon w1trh an appropriate

35 cacs(cmtmrﬂmzymenpﬂwm thn:gd:neﬂﬁmgnmm;s ligaggt intoteadurtablervestor.
t qamem e%ag gekae%gment%eﬁ bQB t b P aiﬁlto J“E fépriate vector.

anot ment , pol.ynuc eot|

expr esdBHeSa2RRIRAGHGY tlf %onéf@rlp%t 1’§%Pﬁl%’s51‘5¢é agetavagam@ (napygplly or
exagipk&edyPasHind sepk assemblyd efecdd Jg_@@éi*ate PoBmucledtidds San be introduced
Patent Nos. 6,423,538; 6,331, 391; and 6,300, 065. In

thi s approach, the polypeptideléﬂalogs of the library

are fused to a polypeptide that is expressed and

di spl ayed on the surface of the yeast. O her

eukaryotic cells for expression of the pol ypeptides of

the invention can al sobe used such as mammalian cells,

for exanple nyelona ceIIs hybri doma cells, or Chinese

o




exanpl e, as entire antibody nol ecul es or as individual
VH and VL fragnents, Fab fragnents, single domains, or

w@g00siomgh® chains (sFv) (see Huston, J. S. et BET/IS2004/020306
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Proc. Natl. Acad. Sci. USA 85: 5879-5883 (1988)) The
scree e expressed,. pol ypepti de anal ogs (or
pé}l %‘fﬁ“ﬁﬂg’y %%@@&aw tejinied ARRFPRIIES Voot FMltgseatiyslye the

bﬂe@hﬁra@@l?ﬂdaﬂﬂem inEd@p o@t@drﬁpﬂ% stdpleldigBle assembly. For

t t d b
AePOP Ay RAh ot GRS CRent o A Shcieisr Y RS prlappine
c and bemplsmentasy d@énﬁy&tesmﬂymb]eetlmmy be poordusedh Tongtl@ementary pairs
C QM ShedaPRith 6 LE6MAENY of the pol ypeptide anal ogs of

the invention %or proteolytic function can be
ac conpWhsnarrtigllymyedapping delyaudieatidgs atsiusepinathe genesassgmbly, a set
asfd éﬂafé%ﬂmlé‘oﬁﬂe%rﬂl’éoeoe diRkctty BcoffRtA8d nﬂﬂace of one of the

ut er.Mbdel | ng-'Assi S
Tmpgﬂ ﬁ dg@eiﬁgo TOPEALE SQJRPIF%%@@thFﬁH‘ﬂé@@H’é‘%ﬁSkZG%ﬂW%the
i rexemwmfewﬁm frbma Retidihnduglatentartypolyitcleondd frbmalie other strand

oo TR MerRA U ool R ImO ARG e e et
porbnusledtides et hestaga ot synthasilabygsimplifiesrlotiag sbsiermaate than one
' 'EIBfn‘aMle& dfeﬂﬁ&i n%ﬂml ot al 20k %ﬁﬁ&g%g% structural or

nodel i ng information can al so used to gui de the
sel ect TbfpdkersppEpaeixthy s o Mteigstde Prpseny oy viegle sianded plasmid.

| Wopexdngplelahd g@ﬁ caft Bk @bhed fitd h bhdgd afr or @%ét@f with a filamentous

DA TSR eeb b 5w P BrobPEion i skl SEngR] mplRCutes with the

s mbseﬁaﬂmhper ppihhgq) epitd degle-starhled temidat@rdn de nawsatd with aset of
E%é?l%fa ug%sggg%rﬁ&gxhe 848 Tl tlor an F R Ofana

rmation can enerate I ni
ytséﬁhw@mnaxa@gg ey anglog sfrand o p popHetionof meleewdes that can be

flﬂﬂtfcma&ed e ﬁ?@pﬁﬂ)ﬂaﬁ@h@sﬁ (sa%@ NER. %f aIQWﬁ:'léé IARs Res. 16:791-802
In a ticul af enbodi nent,

0 e
s IHeY’ ﬁ%@% ﬁ)ﬁ@f‘o Lé&a@g@nﬁ?ﬂé u n%%\@@nmsétems Sthgta iip{5r domains
anye elicteddpi indrgamaisog predicted to have poor or
rOer POV bR P Rehio st Bl et b Bompor
S ipalypugleqtal@a Uéd atgene.cbyr axawpleathiepglpiugivatidesshemsctes can be used
SUPBRALRTEr SRERKR. Nth ARBYRach o Efé%ﬁd&aern’cb&flé fe mutagenic

ment , e I N Si I'S contl nua
u ﬁésgt:téf‘é Wﬁwoaémgttp Sredeingdiesgiongor aw@pﬁﬁhfrr@qi) aﬁercempbmgﬁntary to

r @hVethdr, &St B padt, @nd cdd Y exgeiaed @d"ﬂ)rﬁrﬂ%@%e eh€ BASHREAusing a
and. t hr eedi mensi oEg dat ﬁbases and/or results from
pPEYISTASFyF-§- o US| Rﬂ“@ﬂ 1CaURt hat the in silico

dat abad&e bize ofitie libnary witlearysdepemding spgn thediledgitly end number of

a?%%lbﬁs% gl%h'@no &c%s w tﬁhnyae%%lgﬁ %a?%x[ rﬁlﬂaggh%%fl tPreiteFL}% ﬂte 11b‘rary

abase I's pro

prél}be dgalgmdégtce@tawdle@sﬁbm 1(&9 18nal9g ,leandOC ai@ G078, 107, an.

t RoréprREQSSy, ﬂﬁ%@p@&&e@%al%%@Mer ter| on or criteria,
as resgg? er's. Qr nonresponder as pol ypepti de

anal og sieriphpRakeyehag pen,chteg B ﬂ%‘e‘ﬂ““‘&?“é@ qi@phygeptides and
e Ilhbmt bﬁdelﬁp@ltMés by sltering thesgapanolaitide /tli‘a’tbﬁticbdés the cbftesponding

| Mot oCHR BiSBal HoPhRt ) BRGREN G1iBF i Eianitep encompasses
vmmelthqda of inuitdganizargnedypeptidesibyfdirenbgyntresiaod thesdesisedtpolypeptide
A6 é%sir%;bﬂ)fén?éﬂe%s@ %Qﬁﬁgﬁ&g?ﬁ?%%%pﬁﬁbﬁcﬂr fhe reshﬂtant

pept | anal ogs tg be i ngl
%{B%Pt%@s gtalh @@Plaaor%ﬁe thei featwres of the inveniien |e?i?;fpéﬂlat theage of a

opogﬁﬁﬂaﬁﬁ&lﬁ&@ﬁaﬁmgss&ﬁmnagaart|cuIar function, such
as binding affinity (e.g., specificity), stablllty
(e.g., half life) and/or ef feeldr function (e.q.
conplenent activation and ADCC). Accordingly,
mut agenesi s of nonconti guous residues within a region
can be desirable if it is known, e.g., through in
silico nodeling, that certain residues in the region
mﬁll ~not part|C|pate |n the deS|red functlon The

. . . o - o, .




i ntroduced, can be considered and nodel i ng. Such
nodeling criteria include, e.g., amno acid residue

w@@s/og3aup chem stry, atom di stances, cryst al PODUS04020306
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data, etc. Accordingly, the nunmber of polypeptide
anal ogs. tQ be produced can be |ntelllgently mnimze

In a prer Bedibmristtserribed pbownwheiperip e frm évomléohdes and/or

Stc@ﬁésp@h@mg 98}%&1&[@8 Sl(tj sthedersiboe e tﬁ&lﬂarhﬁesﬁh&@be also attached to a
carr.i ed, ou

t t or i.n whol
a0 g pgtiysudt 25 A gERE L 14 R ety af Hgpipined
|mamnmpbsons for carrying out the nethod, in part or
in whole, can be conferred to a medi um sui tabl e for
use in an electronic device for carrying out the

i fstimrassiamand Sereening Systemsret hods of the invention are

gge?\?\g?,éﬁaﬁ& o ﬂ%’l}gﬁcfeeflg&%ﬂé&tea pb?%ﬂ? QR tHeOIHRYE ﬁa'cﬂﬁ ues or other

ut er r ea L NSfrug ons
héwa%é? @cla%qlg«.s cap gﬁﬁmréﬁsg ap ﬁfé@qneé to ﬁfﬁaﬂ&ﬂ%mepﬁée analogs having
E>dBé1fHdl sﬁgcﬁlflﬂlrﬁmmlcﬁﬁft}@ r Egjredsiomrofsiie polopeptide analogs can be carried

s R A A e

miinzitpdriesiel-fisfe exraetrdidplali fkemsife.gu, eihpsomse displdy and asaysf (e. g -

a i g

" ARERERL Sk 0L L ARORGARE ot dipley
WiSYHEms. dsekaryatigicsHs, aad/ap pugyetisecly b g1 aysasidislapy systegns).

aci d suhshd étﬁb(bcﬁﬂfénﬂ mecpvl‘ﬁrﬂfcléﬁﬁdé%l’h?é Eﬁ/ ﬁ@r&i t%d;erve as templates that

o B e e e Sl VAR P Ot ke D B examnple i

sil.s. Paerd Nost $1824)631i50dP258 175,665,468, @an bbaskd ad rhirey are
¢ %Bﬁ‘)ﬁe&élgll %\Iaﬁaﬂfe ﬁlnbo%gﬁ'%érgfgﬁi%-raﬂd%thér el lﬁrgg %tec‘ﬂh?;l\ﬁlesdl%? linking a

s |ppb§1uclﬁ@iidee(xanp lgenotyee) de pipelyeeptide (F¢ ga pllenotxmé cyi be used, e.g.,

ﬂ?gé‘fgré]’l%% sé@te'gbqgi:s Ph@ht N‘&k% 348, 3*15166 Ry S’M% GEBREBRSarl 6,214,553).

binding site can
mut ageni! %&&twwh@&ﬁ%w@ﬂdeé rO% av%fm@wmﬁ? FXRFessgdin a
VidofwWeniént Eh@li&prés@mﬁtsyﬁyml firh ab e déebcibedbwRRkckthun and Skerra.

PG e B o AT B A e Sk Rt Sk A et

ofBlDtthE!E)ley N8 2-2d8119940). rBgimnutantaretemngshe ratxmassky for secretion in

SR QERA R i 87t o#ﬂﬂafﬁé PARARE S doBbeP B M BRAkYnd A
amlarpEaMpidaByzaml. 1785176 €989 nﬁ mqe@m@drr@g}tothe single domains
p%hé&m? vy dnaqm erCBaellil aftathe@ R/ As ?g eﬂtﬂlziaa %Beride)éﬁb&ﬁ*ﬁé ¥signal
1i8edegE%, S5 o116 e Ao B0 BT DB G SrIHBASETHflo SaBi Gl . Bacterol
pd69I 4379419879). dliese gehe Misions alengleynblédnia Aatieiskoric construct, so that

K6 Uoh B0 cOBENRA MR § LrBRSBLAL. chly Bt fdh e SS818hiOlpace of E.

ypes nove
p@lo st thews wilirredoldend gan bamcb@r@émome iforpr. (Skernapdnet al.,
a'Bl@t’ébl%fo'ld'gg' % Q‘73‘ oy "(13991')) ropekdRfle oafntho% Héaﬁ/krbhgﬁir enes can be

exanpl e bi ndi ng .si't r.an antib
f ﬁamt ¥ slfprs@e«il m@&&@@ light ghain ﬁpw tf> @Fodawe antibody or antibody
prigg@é¢hsst i Ng antigen, effector function and/or
stabi |l it ved er.n tlvel t.h oductlo

tai t1 g il ARG dimn i B ptfFptoonds b OB Rpgukaryotic
a cels sich s yeasvuang) fof emmp@ Zvastdisplay lae deseribed, g, in U.S. Patent Nos.
r t4-R0 fi t

%3453653§ 6, E g‘&ﬂh 6&%3&% %’i{‘ﬂ@ﬁve kfp‘i»?oaﬁ:ﬁ ﬁk?bbl;{q e@?&e‘ ahhfo¥s of the
st libgary 9¥eef§sedst9 @mdmptld@@ablﬁ expressel ane élsnwecb% the surface of the

| s d 0GR ehitrfot Bk YReRbiedfon HEthB %Sglp%?ﬁﬁd@%iﬂtlﬁa ifi¥ention can also
enzymatic activity can be achieved as we The new
structures can be built on thelBatural or consensus
"scaffold" of an existing protein by nutating only

rel evant regions by the nethod of the invention. 7.

Look- Throush Mut agenesi s for Maki ns New or

| mprovedAnti bodi es The nmethod of this invention is

especial ly useful for nDdlfylng antlbody nDIecuIes. As

o o Y



fragnments, individual chains or fragnents thereof
(e.g., a single chain of Fv), single chain antibodies,

wap@sobi3aeri ¢ anti bodies. Alterati ons can be iptT/Os200€0620306
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into the variable region and/or into the franmework
(constant) region_of an antibod Modi fication of the
vienael Bichagpepmealian selly dereexamplessuriemagelly hyatidena cells, or

AITHiIGRS hiinBel BgirP (ORO) tEIRS, T}@mﬂ ithe ﬁ&%’bé}ﬁﬂle addlogh Whbe expressed

gﬁ@) eaHglI& 1apé>e dgg]; 4g at : e%lgtﬂg)ﬁtexme hgﬁv\%qﬁ}g{l%%ngglum or expressed
proagke turfsse ofsuch mlls Ghehintibddy aranistblyi fiaginyenfscal.be produced, for

Ih%k%gaief ggenti}@én?ﬂgﬂ%?no?@oﬂf :oga%/ édﬁﬁ@la}‘ ; Iu&{ YE%’AG%’[S Fab
f dretients, ginglg dom@mﬁmrmmglgdtawdsﬁ\ﬁ rﬁse&&wsmn ADSE) akRfoc. Natl.

b'ABQHana{fJéA@'St y31Rs 483 (1§8’83)§' ficity) for the anti gen
Typically, th rruﬁ%a genesis Wi ll target the Fv _regi

of the Téﬁtspnssapg thepeessed nolypepligs %@hgét(%@lwepﬁdes produced
r Q?Qlfﬁféﬁﬂ s@h&gfn@)caﬁmiel@ﬁe B%z agy a@rﬁpﬁataniengcﬁiéxm REBiading

@] var l,a 0 t.Wwo chal ns
Y SO A o s b AR RIS At e%ejnatomphy and
Owatal}tthetcﬂw ww&eascargaamdﬂ:ylwltnlge essayaidr eubsitateomnsersion.

S e R A P o
| @ﬂ@omlglshe vsmggEstaBdarﬁ BRI Ry s égwbpé,rt%r example, in

Mak 8 NBatédt Y. §yoR20&at al yt i c/ Enzymatl c Pol ypeptides The
met hod of the invention also is particularly suited to

the design of catalytic proteins, particularly
c &t alophpueeravivddiingiAsisteli@ok ihiough datiaderiesis ant i bodi es
can, DeREAREH R I AIAHRLEE AR iBlor bARATT A YRR Futad with the

cel fu3| on
i henefitod gtrygtenal @rrmamhn@enformatuorr @mewmtmsthc helypeptide analogs to be

t rg@ﬂcsfhtteﬁ QfhcR ﬁﬁE ﬁlegfotérﬁﬁl 2 ?bﬁ&&l@é‘?ﬁfo &hevih@ tHefie & improved

prod UCtIOﬂ 0 bi'nds The transition

stfaqféwa ﬁ%l%%?@%ﬂ%y T STHgIAgE modplingApfarmation prrlerbegsed to guide
c ghd selevtion bopregateninkd amidowidiol inRdduas thtb itlﬁeﬁ&bﬂﬁe& Regidhs. Still

hybr.i.d [ ]
| RS S Ao A AR B s S8 L R S can i
t Hiat sedextiah &Qfe:xcllubuen) eabsapentiol yeptidesds be nwmdd apé setedrted in an
URRMhvE ?na‘ﬁﬁéj l@ck&bfdlﬁé’ly,ﬁ]tru@fﬁ@zh%g WeRled @I?&'lrrfartlﬁ{f %gﬁ bOfsed to

state o a sub € process na
b&engrate initiaksubsmis oprlypaptide ppalegs for wseyn thy inyention; thegsby further

| GedRbdsing 198 eMénbe oF Zéhek MindBfprsiad 9&1 'eF fieget hod of
t he i nyent Ll]%]ﬁgf)rov des a dif. erent oac t hat

elimn ogigient, 1 § ﬁ%mofi é‘? t&r?é‘PHﬁ?}S the production
By)f hﬂyepmtypdfmde ahaldg pradiviehioi age peor o@lilhdé:sﬁé& sﬁ'@cﬂuib&nd/or function.

ad g'lslg % h&mgé? Eﬁ)% Q’p@f)tﬁ@e Lf')?i og(rs-: B &l r?])glé aﬁ pa'T n‘t)igf);ly reduced
r dlogirel) mcrﬁh%n&ﬁgnzg]etmn@mdn sepssquent qmun&@sm il another particular
m%ﬁﬂ)oﬂﬁn&lft tﬁé th m&elﬁkf@élin%% @o&ﬁi@ﬁly % i ﬁ?tlonaé modeling

der | ved I munogl-obul i n chain
rwf@gnm Pweanmrshwa@ﬁavrﬁe,(a@ frmgéne m@t@n sropugnee and three-

Stdﬁrﬁ&dﬁoﬂbi Udribas@aaid/ s whdits fromhrevie il Gessdl halogs) DUBS the in silico -

t. b ly.to th
oicliP R TERap P e gy Peie sl (BB Noc onal
ant i body yetl-‘anothlensmhod:lment sheainystlico databastsis provindedivittnte assay

[

aC| sg,)m Bf’}éx%@fogslg?t a0l @ﬁﬁh@ g%athtegagagg %%go%fe@ %eaaﬁ'%?dgfs,l lrﬁa.sed on
filee a5 BEeTEoney caiteridy @b FRspoRsters aIomesp@icty ¢8f, aaolypeptide

a@halbgﬂmamlh@ weN QR odd well by as ing dh@ymel&tatalyfc or not so
nol ecul e and screened for proteolytlc activify of the
substrate. In particular, the-idédthod of the invention
can be used to produce many different enzynes or
catal ytic anti bodi es, including oxi doreduct ases,
transferases, hydrol ases, |yases, isonerases and
| i gases. Anong these classes, of particul ar inportance
mﬁll be the productlon of |nproved proteases




care, cosnetics, foods, brew ng, detergents,
environnent (e.g., wastewater treatnent), agriculture,
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i nclude, but are not limted to, diagnostic and
t herapeutic applications, conversions of fats
c SPRERJ I cataluiica T this Btayi the sudsrthroueh W%ﬂen%ﬁamﬁﬁhe invention can

pelyhaté aRirgzedTduRYibhd) @&dpSne with ﬁﬁﬂtlﬁﬂhﬁstruﬁﬁﬁaIQﬁﬂjmlaﬁon and use such

adipheyn G audhfopbiieh Haerp it ks beteaca.

neémessingly,fthe methiod ¢t éspetiglly suitdblesfor sireaningcamibody or antibody

pmft;&e S f?xcéfzﬁﬁ& ngﬁ@p&%ogg g&'ﬁh égb?ﬁhéﬁ SHERY e ggg]gé gﬁé?& stability
ad@Bn h@lf Vife) asd/er effiedtorafgnctianr (c@oaapiptement 3tivation and ADCC).

r mc@emlﬁgw e}ﬁutageﬁ&ly 8PBéhcoRfiglRR 2didues withth A%&?&ﬁ tfdesirable if
di oxygenases), a class of énz

nases
&yq*g ‘fcrl?wa %gc@g’?%éﬂ% silice mageling, hal qern Eesisings i1 ,r?@gn will not
a Ipdrtﬁiﬂm indbe1Bdstred Gidsioni THel Sédrdﬁhhte&ﬁﬂéumﬂdcﬁpahal ﬁnterrelatlonshlp

R AR DA AL RS A
c aegiams ofdhe solypeppide,ces sihegraletanaled aaniub awd(@EXitai bave tean
Oflntm@&fj QR b9$&§ﬂis CARASS a$ﬁclprﬂ§§éhkﬁl riteria mclude e.g.,

app I catons  of . novel protel ns e pr ese i nventi on
i SRR paidFesidue sidleeseunchemistieg afost distness. qmt%ggphy data, ctc.

W oeBrdsdiayi| tHe Aghbdrdf peRPEPtURnAR gk tdhd pro@uced can be intelligently
Exerrpl | f cation Throughout the exanples, the follow ng
nat e ‘L and nmet hods were used unl ess ot herw se
st at ed .In Wiptefeirad enizodimbi todsr thoregditier abloye teps meaotripater-
v.ent
" nsfilEy DTS EMhod IR EhaBIERG B batdotiE T BB Bt W ote, by a device,
nﬁlgecaﬁomplmrcdlﬂd gy deviess ohmom@nglym@@nﬁ &IWHBGM the method, in

t %ﬁﬂ RP iPEHole!] m‘%ﬁﬁi‘reﬁ &R %fé'dﬁ{nll ¥u1ta§1e9for u@rlh'aﬁ%qjéétromc device
Echnol 01%3 gressn on systemns

grqﬂlgm aly SUPg, g%%oéﬁ cg’ @ed?lvelgﬁal are amendable to

Pmdﬁglsth@oﬁ(ghpit)appﬂﬁc}aﬁdmﬁﬂﬁﬁg Seftware €., €sthpuieerehlidle Afstructions) -
@;}n the of . the ;art an EJFP expl ained in the

%rtdura%e §e’é:°mé’ubers Rl }tsch and Maniatis,
l\/bI ecul ar G oning: Cold Spring Har bor Laboratory Press

(M@B%wﬁé‘? empst Lip P H RYSns gg

PCR Hardisdescitinyeation pmldﬁﬁdh%lmmrmmd@a@tag@ pHallowing for
Creaustidnyby BEAPNERES of Eéeral @iffer¥iid régiof?s 2B iAPSHN polypeptide

T R T .

AaGdiwi¢hih ead]h‘bglod,senahhingﬂthlelvﬂ:lahmm andinmadid 8tibstitutions in

ésglgiﬁ%&f(ﬁ{?ﬂg elét&c? 96?0%0§¥h§§ Egenllebﬁ %’[Tlgﬁé}{b %ﬁlg%of tElF d
( PObpyptiden @P@Ssowtqdrtp quake URP- fagmjong) stsde.,, tRebindigtsita of an

P
( ldlv;{gttﬂl)q Sorft%@%?l@%?ﬂg?&%ﬁﬁngﬁglg%)n st Oﬂgtuﬁ{ %&\ﬁ@éssan efﬁcwnt way to

PPreia@%‘jorlm?F‘?‘f? ynetiggehsitedi ng: A Practi caI Approach
( Pr act iFoakxaARe,0adbpitrdiieFig. 18Xhe sivTIIRS 6f élyantﬁddy tHdt make up

ind B30 4 LB bR S BB B BBl

l\/birmdtalnacpusB{ of sapygratedyl svithine DA oeV Lathains, Jolstudyithethré:

?o%%@ntenlc %Iﬁseéé aF %A&@éﬂgﬁ%fn@ %gﬁ? ri th&%(f?u gin ope meodlment

aigad c @ﬁrrwf thrpe primerededingd 1pgioms |are Eystemutigaldy explored
( E@m .locfl\(aﬂibu?f atgeledd0dad proftkdP iy dBfRdEreplohb) i@ir’ exﬁlple the six
O Brien (Ed Humana Press (2001); Border et al
Yeast surface display for screéﬁu—ng conbi nat ori aI
pol ypeptide libraries, Nature Biotechnol ogy,
15(6):553-7 (1997); Border et al., Yeast surface
di splay for directed evolution of protein expression,
affinity, and stability, Methods Enzynol., 328:430-44
(2000) r| bosone di spl ay as descri bed by Pl uckthun et

~ a2 2 N AN SN A -~ .




et al. inU S. PatentNos. 6,258,558; 6,261,804; and
6, 214, 553. EXAMPLE 1 LOOK- THROUGH MUTAGENESI S OF THREE
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exanple the Iook through nmut agenesi s of three CDRs of
ove |nd|ng and, proteolysis of a
glﬁ gtrnt\fa@@p [Fegipiy eFor performing look-

Ittﬁekglthmfugeﬁbswnﬁaagbkewpscan& 3 b pe, Gfﬂr@l, ltet)temttaz ,i1By14, 15, 16, 17,
e of . a nmonocl.ona a | S
odp I a2 2aes. Wc P Bk & SR RRURRE A ettt o

v ar i ablAecoelingiy tha/pi)esent mv@aﬁomepbmeglmwsaosabmueeﬂ)rﬁhﬁ design of

0 O g B B o v
r @@pmé Ypom anf peisléng ugture ot fupgldone! asppioie Farsxamplesa binding site
Ay an"ﬂrﬁba@ﬁoﬁﬁ{ug[)%ﬁagtﬁeﬁ%laﬁ ot @frddatedvd? a@fﬁﬁ'ty fdf"a%[rj%mstmg

sel ecte er.is s
TABUZSD @@eqt%qfuaethq@élg@rlsﬁpggy HF‘B‘E%F‘%? ‘%‘itﬂ'é‘atl ﬁgl ¢ mioduction of
alaﬂdl%milé‘bat‘a]yecal!saanortamﬁ amigdhhadd mlﬁf a)bz&ﬂ?’&c dsmaiy dffan enzyme

2%?1}6 {é% %erforﬁ'to% ic u\ﬂgneg[nmgfﬁ%&lﬁe are ﬁ cat 3910 e{) 82%‘& to%pa? a
paidstiaicy sAltero#tlvabt, entirckyutest statcmres&ﬁp@xf?eqmsamywtwnles may be
antRREY indd o @ﬁ tideS Ueerﬁ)‘i}g @ 951§‘§f Gz 9RA6kE ﬂ%ly chf¥be achieved

i nvest.l atlng |ng and SIS because t he »
aft MsHdy e mRY;sHyclugsg iCam be el ¢ faiiral ehegnsenssp [“seaffold” of an

Tlegistifg PRt by nAfsH Tty AlslabNAgRRe U tetmethod bEthMiERtention.
603 VH and VL regions are publi cI y avail abl e (see,

e.g., Rudikoff, S. and Potter, M, Biochemstry 13:
403 L opkThhdughMutc wiokdresis 3 fortaleing Mew, ordeipeoveg vinnifoddas bor

St QR el ok s il e&yéﬁ?ﬁf%eeﬁ@ai@%? Syibody
sm,lﬁml% Bisgised herel, anfibod anglecitiesi o antipliesyplenstosamiinedies or

agbflions HstT, KRR Iat ANRnsth: a%ﬁbo&%%vmeén&oef sthemaﬁltlbod
-69, and ans positions 10]- 11 r{%t he ||

’entShedlaf b SR pry g0 ghajp of Fprsingle
s phsia aﬁﬁbd;]ﬂieg;’tancﬁsmﬁﬁnﬁ Zntlliiﬂibl sCDE%rzfttMiﬁt Saarﬁlljﬁ 1fﬁi&oa@dedﬁnto the
The he ol nu tides .for
" Sathle it A e the flBeR ob R BRI e SRR Bptibdy:
s Médifitattonpdtiepeppiabidacgion k:atgproriemmlbhéws wghtbheemlgm binding
:f)hg) ?t?éguﬁfacﬁ‘cfegﬁ'e et | 1%6 e t a‘ﬁ%n%lﬁ ork region

IS u |gonuc Otl

s%‘t hlég ﬂezf'édo 85’11“15’@3‘1‘33}3@%‘? qh@mq-nhe/élcemoveg@s@ ﬁ‘édlt 2§ seblblhty or
alsta8ilRgl (é 8, haetiifd),tvlieh hﬂé%@ﬁédlaﬂ isefud, foNexahipl€) eh commerc1a1

¢ SPFhR i S0ARe PhCabnt b B RR B SR ADCO)

enpd baslimgnfiindy &rg. copecifigitg) fop the ahtigem| Tygma]ﬂcy thetmutegenesis will

d
e L §Qtet¥n|9 g{; }‘%@{?Qf ttlgtgﬁ lg) g%cﬁecchtlé %@ ‘aﬁe s‘tt{ﬁ@f\.\gegregﬁfons%ble for antigen-
abindinpagivity l}‘ﬂ”ﬂ@b 1s Van@d@ mmmw& twio eleadns; pge &9m the heavy

p |cﬁ§iﬁ1 VPE%n& Bﬁé\ﬁohﬂhg llght Bain|(V8)" ERicE el deSiReSirtREn HAMing
natura |y ogeur | gl sites or .engi neered restriction

o chaact epigficy RtrcideRtiicde Do Fatalle fesienF) @8 b5 sagingered nto an appropriate

pahyipaytdlabe sactpdsdgs, v, Ted, 8apreedged in any of the
conveni ent expression systens described herein and
screened u3| r}tlg the serine prot ease assay descrl bed

§; l@gésefl Y, A the epressedpl ypeptl de anal ogs are
exp 0 a test substrate and exam ned for

prot eo |T91§|r%eﬂaqd fifhe inveption Hsq js pagticulmly syiterliterth fesign of catalytic
phedteiak \ikttouldrBrvaliailt RYibadies MPrefintly CA4IHIE Mtodidd@an be
substrate, indicates a polypeptide analog having the
desired functional activity. EXAMPLE 2 LOOK- THROUGH
MUTAGENESI S OF SI X DEFI NED REG ONS | N AN ANTI GEN

Bl NDI NG MOLECULE



In this exanple, the | ook-through nutagenesis of all
six CDRs of an antibody to inprove binding and

WO r@sA3ysi S of a substrate is described. I n PCT/US2004/020306
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part| cul ar, "l ook-through" mutagenesis of all six of

the var i e region r con‘pl ntar|
AR 635 268 O Ry s ep o5y Fshiiausse dn this process, an
rrmdmhal aminm’ﬁﬁniyed WiERan fkfdenithatpeseirbl¢setle trhubitidnl Sate of the desired

ST T T
a ﬂgﬂ rga¢tione gmtrbocly-pmmg celparedazvepled fronshe aBiemal and fused with an
H'n%nﬂﬁﬁhﬁfﬁ% wetd ohﬂce"lﬁ}bhﬁ defid) r%‘r@@ célﬁeargﬁi%}{%@%lﬂ:d for secretion of

l'i ght s as _shown i'n Fig tagenesis o
néA aBibedyiibaicatabyes ﬂz@srewtlpm Ahis preeass i dependsat upon the availability

deF bhdbh s off tHeltranSition @b of subbtrf26 € TR@Prod & wed bet1iafted because

SRS PRl ST b ot 5 G
anal ogs'heanethed of the imvestion frohieles & dtf&rehi rappno@ﬂsthatnehmmates the
S ?1' ?d: For Iaqra'.;rllsql?ioff gaein%[ ghg eﬂg?@er gtggﬁ g tl}%quetnpﬁré, an antibody can be

ul-ar are
r él@ﬁ et mé:y tb@ nﬁlmdéctm dipuitdye aminoragidsiinte thmbinding site of an

a'i‘ﬁ%hﬁﬁb lobii® (FRORSiHR Pld SifiCABIHITROSR v)%g%hfﬂ f¥de-up of six

stral var ants generat ed. Thus
%%% f@%ﬂ thyer dtivedcirgm ¢ WQbuﬂﬁﬁe% Ghgin ()
atandi ﬂqreé frbhﬁhé: aglad thinC(I_l) rwieich tenriedt stasttand$ Withinl éach subunit. The

T d r ot h tu
! At B o FRET LR B e Bipposhi@lxa dpe binding
Y &halaﬁr:sstldmof eiibsspecifie maunolanalsantibedyu rEzdr instdnoe,matalytiv triads

be&ﬁ%?gnée ﬁt(’) ddxgiﬁﬂ Iaglfdggs??lnfés Qﬁf %‘g&ﬁ <, g&gewa} mSH¥ed after
ASErng protegses oda e cregteddn | eawpﬁmnalalﬁ g%n@ﬁn yefdheiHe segion of an

banﬁw Eslvn RIRek isr BE s@straim&ews Bihd édr&@led EHROSolytic
onta t bet ween portions of the

(Iﬁ%\%‘&%ﬁ §/SUbR! a@t al., Proc. Natl. Acad. SC| . USA 87:

6654 GGB@al(tltﬁﬁﬂ)the mthiod of tifednveattioaat bgatddes pwidiube Aahg different
o s%ﬁogr)&ar as oﬂ%cﬁése 1n%fluci%%1ﬁ9%dﬁ&a %%&%%ga%gg ?1%1olases
dyages, éspnfesascaandiligases i Amomp these 9lp@ea;fof paticulahimapagtance will be

Wﬁ@;ﬂ%ﬂﬁ&ioﬁ &%ﬂ%e@ﬁro‘iéa’éé‘scE%@ﬁydraéé@q?abéé dioxy: %]enases and

i nfor t|on can eferred to as " rou

mb¢ &5 sThepqand ?tﬁ?roeaaﬂnmfﬁlab%é@ prepagedchyy the Bf}fﬂéﬁﬁ of the
asnventios hiad 1ﬁ¢orlﬁnﬁog'xmel&all\&'ﬁihea1ﬁﬂﬁ ffox@%yin&tlé tdlivessieM in health

o7 EoreBES SRR B PRl paRen e et tpatmen),
eﬁghwltmh;, t&mi@l@dwl, ypbpherchennial pysessBo| These inebtdedlest are not
Cafhike tSX(Hﬁgrﬁﬁgg%ﬂq;th@ﬁﬁelﬂfcnaggﬁcﬁﬁm’ h@&&oﬁ@(&mﬁﬁs&ﬂgoheydrates

systens des erefn a screen’
pread pEateingdagradagay of erggnic ppHutents, an¢ay1émsmmf chemiyglsp Gfpr example,

Brthd?ﬁﬂdltlcilheef@éﬂﬁ@ﬁl%@éisééﬁi/iﬂpﬁ%h& i@acva ?Sorah'bﬁw@y( viral
to,a test substrat.e.and exa eol

S .
t RSt ER el K r RS RS A Ol e PGS ol bé enineered. Such
r @Mﬁa:isesi cinld e nsufel aafi-thtonsroticcagents of hreti-siudl et @gainst viruses such

drdBP e e R LB SR R onygonaces

E@la@F)MaSS PRENBINBIrpgUINTE ORI TIor ¢REWOS aromatic

> hﬂa n\lot t:hegl_ %IJFHb‘fea nl%’cfiﬁgﬁh&%sgia? & #lgé\%'eﬁoﬁ%‘%%f%ﬁlﬂﬁé BARE&KSE Tonversion
d@§ Biopgpsainty Qrtqtﬁfmc ?ml%HeconVsawqﬁrw%wwawr contaminants,
nmut agenesi s of aII six of the hypervariable regions or
conpl ementarity determ ning regl ons (CDRs) of two
different anti-TNF anti bodi es -ilg - -performed. Anti-TNF
anti bodi es have general application in the treatnent
of i mmune di sease in patients having inappropriate
| evel s of the ligand TNF (tunmor necrosis factor). Two
commercially available anti-TNF anti bodi es exist. For




conveni ence in perform ng | ook-nutagenesis and
subsequent screening, the variable |ight and heavy
W@ b@is0033@fi ons (see SEQ I D NGs: 2-4) of these PCT/US2004/020306
anti bodi es were converted to a single chain format
using a poly Ay-Ser |inker (see Fig. 15).. The defjned _
r Sipseessuag BE¢ead ang defogHication ol prardons gednisicemppyyis are possible
pragpiRdagibnd eRsbvanpeiaci d are identified by the
presence of a black bar as shown in Fig. 15. These
defined regions correspond to the CDRs of the single
chai n diteipbesdntaaverPohynfictheoilusteged mphe fadliwingjetdnepled, which

CRR- ' fiici.ept flanking regions to allow
> for Lglﬁgbg%:%@g%é%%s 4‘1@%“’3‘% ynucl eotides into the
conpl ete single chain sequence shown in Fig. 15 are
synt hesi zed as descri bed herein. Predetermnm ned am no
acid residues are selected for each CDR regi on and
separately and sequenti al IExemwifisatie’ed i nto each anino

aci d pThirédughout the exghsisd, thdollswingGhiefiglg bod ficthbd€were used unless
10 pal.ynucl e%eigdes are further engineered to serve as

t Ept At 68 pabl e of supporting the transcription of a
corresponding RNA transcript that can then be

trm}i%ggding&;pwg pol ypeptide using ribosone display.

Pol'ynucleoti des encodi ng correspondi ng pol ypepti de

anal 0ggn géerlXhegsstide Usihe raze@idhlentiot @niplRSEléR bitpwise
tracts. The RNA tr

o S AE po e RRed bR B ot By, MeRERE blfig S ktgmbinant DNA
15 f Itenhne]sg;e,rRCRméchlf:uylogﬁl iMmaldgy ébspecibliy eseopngibody wthnology),
| .
s AL S50 4 80 DR SR T, and
t Heolusinneni ant anyaiesessiugyreeld tuldyp thas greowithindhe skill of the art and are
g:yk?%irﬂg%% {Hérlir’]ciiﬁtu?fi:. nﬁ%‘,’ ?g\étslﬁ%gﬁméﬁgﬁnﬁbmn% lﬁl-aniatis, Molecular
(ﬁ%f@%'t #@Fé égﬁ%&‘@%@%&b&fflm@a@r@mﬁ%?hM‘i g(q"!;rsge §ols. 1 and 2,
20 e.(Q.N. Glopere BLetHEsN (aligwﬂul:lebﬁk%tSyhﬂ&gMM_ l .y, Ed.l 19tS4); PCR
t,l ge an ogs ut . LI | convo .
ARG 02 RPRah MPi el ERtiola (BRI, BhFom witey &
t)cﬂoyp EIPOPYEditon), Gford dluntibavked Nuwleihdceid Struepo Nbidig Ed., Oxford
I; .
i R REPLIOOR R PPoiBedly:f SREE b VP Yl §§ﬁ%ﬁ‘4@”§% etal,
Tf&?ﬁﬁl@ﬁﬁ%%ﬁ@&%@;ﬁ%l it @fé«nmgf%dgﬁ;téw ;ngnlaﬁat%rﬁiﬂke, Ed,
Wi ISB: : b.ERT > .
» pth,e&/ gffd . qu(lg t)i’de Pﬁs g&gzﬁ t bi %R’Ngeg %rbfmfhE%ton Pub
¢ e WP erisiodu ey e apeo b Me ods fl Melestier Biglog)gs10, Paul,
f .| Hireargt Br (1 g%)anmmwngmefmg:f@ﬁme?ﬂ Arodcbs(Pragical
W . G . r
ATl SR QB0 NS e, nEB! (90Y ol PR ratory
L(MMLWEIM s ACENE S} Sress, DT (186P); K& pa@APKETcols in Molecular
30 B@EbILNYS NGRWBe1 EOM. No%ﬁ%@ﬁ@%o%@%ﬂgéghg%é@%hwan Cell
fis

N TOXI N SE PEA _(Bo T NCT| In
Qa8 G oE AR it b0 M) Rkkers P ol aPPnBlifice Display
net Nebor@snMaendl ¢ pBaBad @A CBHI AP sd) (2001 );n41%bb&y¥ PRage Display, P

t Qolg: A NT, d.usi . .
| S8 ERR RS ey tas QO BERH 0 B SRS cisplpy o sereening
L Tmbpatartd holyperiiis dibraies oVadaitd Migteshmybgy, M(bRi33eM6199¢); Border et

55 b LPRPHIERU iSRS, 01 SR AR of BRREH BPhiol ARk, and

c ISiabPiy, Modhpdplvemmel-t 328 BN 2Pl Bhosrsrridisplay as described by

C Iraicketu@ret 81 i€ 5. S. PARnENb! €3483 fNand BLeEGibnY dshiRs@e@®y Szostak

acids. | e LTM set, are_dj 2d lQw...1. Anti body
pit i s el S2astsln e Ae AR and Salhed: cnai r
(scFv) Design Mirine antibody-flBagnents (Fab) with

bi nding affinities to BoNI/B can be obtained as
described in Emaneul et al. (1996) Journal of

| mmunol ogi cal Methods 193: 189-197. The BotFab 5 (SEQ
I D NOs: 10 and 11, light and heavy chai n pol ypepti des,




respectively), the BotFab 20 (SEQ I D NGs: 12 and 13,
i ght and heavy chai n pol ypepti des, respectively) or
wo b@sBaiskab 22 (SEQ I D NGs: 14 and 15, |ight anecheswg4/020306
chai n pol ypeptides, respectively) antibodi es can be
used. The foregoi ng sequences are described in U S
Pat ent No. 5,932,449, the contents of which are
i ncor porated herein by ref goesv@i. e nuri ne BoNT/ B

cndr AP RiROUH A 1ot Gpsia X TR PN RO v an

The anti - BoNT/ A antAMBHEENBIe}HHINGaMODE(FWEEs et al.

2001
5 (001) 1l 013451 B8 DAL oy o
oAEPEIVE dindins ptegb@ls ofraéul&mr/m\dn@mbyd chal n bi ndi ng

donai n 1f BAMELAY, ke “16812%198%19’%@&11@@5 ar ek éJn%’[émentanty
Nb abi ol 0gi cs, rag

t's
fORHYRS Tgions KQDBISM\%/’&H‘T’%‘RPI% %ﬁoeéa lwqrtqug@fla@a%ﬂ CDR2, and
rmEl‘ERBJ bBthe khb@&}Och)ani mﬁbleCtHQﬁn (TH$ aneadefiabd fe gﬁ(ﬁglselé&e@ ffor look-

to 7 ol et ﬁF&?ﬁ oSt P &EEn Rl setcted are

( tthepihre resid 8SEEES @aS of SE@elpDothides,)Asp, bligandieat Asp is

s S O SR A e o
aﬂ&eép@efl %ﬁ@dhqe@ pfq@éteentnéd ﬁmma%cis aligwsdenibs uppof a

f &:@h{édlﬁc'ﬂt 9rd@¢arse hédsapid @ﬂileﬁﬂ’cbdieﬂa@i ﬁﬁéﬂ 2. thrtEB ?ésﬁidé@ hRGekigidned
ar e | novvn

15 S eem Do Rbilhdond] ey oreyASR s oL E IR SR Ee)

and t esAreekehyplary hatibodyp MCRE 603) ibtendgiEzddlagBogooBaédefor

pr ovégggﬁ ]}ﬁg lb%%%&‘g&/‘fa\fﬁf!m 8% 853 tﬁ@ Q‘%tﬂig%g}tbllrpﬁ Ie%ion has been well

steharagisrigadd H}e@nmn@mdtseq@emdl DN A sspnenge oé thedCPC 603 VH and
bivididdshRBEAMIRTY Khilkhle é@@oé§ ﬁRJhESff' 8 anwohelt 2, Biochemistry

aye

1
ex%e%ﬁéoﬁﬂ?‘{>n%ﬂé5@r1@s' ‘¢ a?Aﬁ%?lﬂ%apg P%ﬁb%\ﬁéfﬁﬁh@u@gﬁ RBipl., Vol. LIL:
L dok- 1T 0387h). MH@@BR@%ISE&-WPC&G@B i dasvdabeehodentified as shown

L ool Thr oualh it agenesie | LIM pbhe, £ L R RLAS 1 35 coRo

c Ispamqiositioss $@-69 sand @hﬁg epans pbsitiomel (Rt 1L dudhakght chain, the amino
S N L R B oL e e

25(6%§P%§m 3-ne (aromatic), Proline (hydrophobic).
These qrnerai@mgﬁ o€l the@ligBhwletdB SR 1 SOKCIALH gﬁfﬁm’cﬁ! be18§i§ irf the CDRs of

P03 B ﬂ&ﬁwa@%ii@gﬁq Grtosy st e g araind grid sruence for

t DR heIHR2| anflGToR 3 amﬂommﬂmﬁ@dw tloisiundesiedadtitizody
p ro‘i}ggﬁ\}c'le%‘?ld?s-r tlﬂ eg(% 8 Sac’n l?eg l%{g%l‘ f3n Qt?es@ﬂRoﬁéiglgng fo be;( af%tered to facilitate

aim Nno acC
30 Cmrtmn 1at¢tthb Wg@s;onstmct mdmynen Fig. Ve iaghaehain antibody format is

t X:h@%nri@r @ﬁ@eﬂ@ﬁd’eﬁh %h@d&ﬁﬁ@n Eﬁ)rés%ﬂfnea%ﬁ%re%fﬁhlg e?&' it

ma,t|CS|eca| e forner 1s ¢
? 1dpg %an&egcﬁpff?r&eaiﬁfli oMblgtdiandedechapdy saganatie techniques

a ﬁe{eb(gdyomt ,20R et 81,2986, Supra) Qn@théﬁ@@ﬁtfed b6 d.redtrldvbd flasmid as
i al c_am

i ds
e e MR AN R -
35 biresdricttpn sitesit r al i zat i on and/ or any additi onal

Ip; 0 g etr tplofﬁmgﬁéﬁ(ﬁég%nh S]%Q ﬁ?%éesﬁ(gﬂ%n?%f)élgﬁgﬁldg Fﬂ%}? %seé'an ble-l;%ressed in

arfp f ﬁ@.cagvernenvle&mq;w systegys dsecribed heveirbandcreenehysing the serine
C SR tabRl deberbRll g, 2 US, PatehtiNe 51709, 208581 als2 Rigde16-17).

as high as 18 am no aci ds (1 short of saturation

mut agenesis). 2.1 LTM A i gonuell8eti de Synthesis In the
primary LTM anal ysis, the goal is to explore each

amno acid' s side chain contribution to the overal

bi nding affinity within each COR To efficiently

generat e

=
9




meani ngful diversity, each of the LTM subset am no
acid is targeted at every single position within the

WEDRsse3uence wWith only one substitution per QBR/UII0$020306
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each individual oligonucleotide encodes for only a
singl e %R nmutation. For instance, in order tqQ do LTM
HEStTl; e cxpressgd rebpeptle Hnalogp teireposediio aliesy Bbsiategd examined

atfd) 1hrdteCRS off ¥Rt suBs'tratH | TR A0 1516 Eeol%fsfs' revealed by a zone of

B B e pirafe T L nglymep S BRI Tie R Brsop functional

tasm‘ﬂty;he effects of having a bul ky am de in each

position in the COR Therefore to generate a V CDR3
LTM li brary,only 99 oligonucl eotides are synthesized
for the LTM anal ysis (9 LTHMXAMPd.Ea2ids x 11 V CDR3

IOOSI 1 CORTHROWSAUAN AR GENEIS PN SES DRI FINED RafiGIONS IN AN
i nadvertent stop codons ation,

i nefficient codon @%@Eﬂﬁwlﬁﬁfwﬂagb‘gmaﬂd ot her

S e C o n d &n Yhis éxangilel rtl@éloUBJtm@uﬁu biutaglbﬁes&\/cﬁ] alllasint éfERs_ of a? antibody to
enerat e nucl eot | synthesis for

c oIrl%BTovg Pbdﬁrig m&‘%@‘ﬁg Flé |°£F Sﬂ%aﬁlﬁ geﬁcgﬁgd I n enpl oyi ng

syst endn particint, adipdaketbramgh” ofutigenidsis wazlﬂl sixaof the hypérsariable

Wi E A% 63 ¢ len{éﬁ?arﬁil QE‘ﬂe gﬁsifgtlg% oﬁé1 lof the a ove mentloned model

functi onal | es at overe

0 raaEPOQYdNEéEFB pED lapprf@mwdrrd{l this %’??ﬁnﬁ eo M%t@rqugm mutagenesis is
S Qbﬁi’eﬂlo@ﬂﬁo@ﬁd’o@f Eﬂr@é BmBo&/5th bl cﬁffélét% dnhinb tayidand given region or

Bl cfos MR e AL RO fraLG Ay AL Erls g (pgheary and

V\/lhlglitd:lmms as cspvemoeFigr H).synt hesi zed. Thi s degenerate

pool M&%%&QQH 8% ﬁ@éoﬂﬁ%g‘ﬂg%&uﬂue? M‘tﬂﬂi dA/ Pergino%%%ﬁ be%lesuable if it is

subsequen y used € a secon
| kppwmyortihene erpsieduess thaheertpiitiiesidyes mathereglquvvtlhm articipate in the

%gglewdtfuﬁams in 8adhi W&ﬁﬁhb&%?hﬁél@@s &I&%ﬂ%ﬁg&g L @ﬁler

r Res abase Soft
w%m%eﬁ%cwaﬂ% 631%% &temwe{ AYHeReY angthe aﬁ%w@‘sposmons to

r dpiatieretl iagothatche ﬁatsiddles ﬁMBII themlsto hitimgen bgﬁd sﬂitlﬁrmne another. This
no.acl as W

l. deci di [ et
| B Eah P Do) AR AR i el Thus only
t lvertain gositipnsetichisibeCDRsgnay peeaitthe dnibearcidalof the qatedigie triad to
o SRR Eba? B, AERERR| R01OM P DD 0 S BiERlarion can bo used
elt¢ FRoidy fo5 fungtional Nptiads.i on of the wil d-type sequence
th alt ey tl?@c@@ fl;ﬁfo%?ﬁb@rlubﬁﬁrdl i fSrHl@fonGifasiised fbsﬁlenﬁﬂy é&ﬁ@&s in the
ana or_potentia an
S FratSi ety b et fo e toeet BShe B Ash b and
s \Hos oy weelitals yhmngceo:ﬁ residyesi tobe ntapenizhé.s Reberlshet al. have identified

%h cﬁ%lclsg% ét'b%ﬂv&b%%rﬁoﬁms o?ﬁ{e (‘?ﬁﬁ% gg syne}q%t al.. Proc. Natl.

esi zer, an aut ona t

t ifecadl $<gdﬁ&él8€t>6fiiiﬂe@65r$| (199()3 Heis irdprmatiea together with data from the x-
Olrh &Hiéﬁir@ ef M@F(t :d @@A%Qﬂe& R)t éé[e%f"ﬁl%nﬁ bilehd G4 dl@s%tc%ﬁﬁtcpﬁnong the
| %?%lﬁﬁéfge&ﬁ%e%? IrfEcRSpia CALiSSRG e BBk aBo SR EERERss Suided by
S )Gghttﬂﬁhll 7 eddelitt 1ﬁgdrg1aﬁ%n tdibesefeyrel itd ﬁsi‘l‘g(um‘ﬁrough” mutagenesm
subst i t.ut and, bi ndi ng _assay res et
ot 1 gerk b0k Rner el 8 oRERR hul S5 Hhoimudlih £g iHEre cach
f &DR as subjestedito enelplredctsrrmhed hmmd)@m@wmdtmgﬁmml?éspolmmtide
| -
r %n&ﬂ%g s £Mld 1??@%% Am a l,t’(fs 40 )gﬂgrgd %10@??%eﬂt@mﬂogs

M 1S 1h
speci f it® Wlﬁeﬁ%ﬁéuca% bg ﬁﬁ’réﬁ‘é n:%ny eanVERIENE g¥RFessipR Systems
belasdribedl BbrefrtindticReheDusinte e fsaﬁﬂezlﬁbﬂe@% EREHMIMA, ABY in U.S. Patent No
addi tional properties desired in the final ant i ody.

It also quickly identifies the2Pegi ons that do not

tol erate any nutagenesis without significant [oss in

affinity (or any physical property being sel ected).

Therefore, not only is the LTM anal ysis a good

met hodol ogy to explore the chem cal requirenents at

each p03|t|on |n al | CDRS of an antlbody but |t also

. o " s o o



that firstly incorporate all these disparate am no
acid nutations to generate nultiply nutated CDRs.

w@dasnosmal |y or alternatively, Walk Through” PCT/US2004/020306
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nmut agenesis (WIM nay be used to probe the effects of

i ple nutations of the sane amng acid in a
déj@rsfz& d, Biighly, Sesmpressed ppl Dy Bsptige AR ERGEe eﬁsvogebtoeasf@& substrate and
5 eX88ined &)r préieolydiblo$ tevtedtistibiates STh-Ehﬁlduiﬁ%Ilﬁ@feﬂl}Qﬁiﬁﬁevealed bya

descr d abo are d.t reat

of P P BRR e Cp AReREE PRV gftloemipg thaesird
| ifgitional detmiy chai n. These ol i gonucl eoti des are

synt hesi zed to include sone of the surrounding

framework to facilitate the overlap and hybridi zati on
during PCR. These pools of BXAYERLEBeoti des are

\lj\%dgﬂif-&“glgogggf ﬁ*gfxﬁtmswdﬁ ANYE-1300 BYNMN@MODECULES TO
triple CDRs (single, oﬁargb%ﬁﬁ?ﬁﬁgﬁconbl nati ons

of CDRIn tids exunthl& theiokghi®uply hitapendsisgt apdne BN antiddy to

( i.ped by Horton et al. (1989) Cene
395? g@ ({'%f%g%ﬁ%lg a fast and sinple nethod for

conbi nilngabiwlar, theyteek-throwgl” migegenagis of djsixrod the hypervariable

J %égl&ﬁs%ﬂ c%&g?érﬁ&x%ant&géﬂeﬁhﬁﬁﬂgqlégﬁﬂg E@I@Réfcﬁﬁ% dli?ére%u TNF

gase, regilons rnt ne are
aﬁﬁ‘iﬂi’ 41%%8 Bt fppgRdy Sy T Iﬁgtaﬁebgdlase%qu rgé%Pr%]c?PPH%ﬁUOPH’é the treatment
PGEhrﬂﬁmdbl dis8ase mapaleatmvﬂigaﬁmir@ﬁat&ewe B€ thedigaBENF (tumor

RO SR o 1 RGP P RO SRR L ot

s equiandase ihparformningieokmutegesgsiaandoswbsmuentt sereghmg, fing variable light

F
cXRBPLITAREGL R, CERUOAINCEEGH (R LR e o
haiofonprrping apot (dy-Sgr neer GoRIER 153 Whe defingdaegions
WREehel %ﬂsa@mgﬁsnut&%%Rs& %vﬂeaf‘;ﬁ{e&e?exﬁnﬁ%& #ftno G@eld zﬁ‘@ fHentified by

grﬂgeeﬁgté%%s@f %#St EEe sawa% tteﬁl t:%DFié S GRMRAY Tsiopp cpmesRond to the

t IGDRG¥ thie stkicghbincingbbdides t o gener ate the doubl y

Ty be ToREEib iy i sehipe T FOR REiobd 3 SEflehinking regions

pde sildw dortberbisermbiyofdhg pkdpmt;tlmdb:ymm thewemipleté-siggle chain sequence
2 Jsix?tfvxg in FRC ES e s}qgrﬁeﬁ?éa & qebonfed "1’1@1%81 gﬁ&é&@%ﬁ&@émmo acid residues

i nc |ng type nn ecule I.nin

gea@héﬁﬂ} gienard sepamfedyambsequenfglly introduced 1nto each
nQﬁl‘li‘M h@id Mﬂﬁorﬁthi’@igh@{lﬂ 188 §ix(COR \t&gions( Fﬂ‘l@lﬁo@}qﬁékou&éﬁdi*e further

of the 6 VLVc tion cl udi.n theW|I

o SHRDREE 4 Sryas daap A s L RPPULRE e b ioRgt

s churespondimg ReA srantuiript thihcacthon bé bamstajecinseapblypepide using
creatst fiﬁf»la ach am no acid selected for substitution.

THE nunber ol ani no aci d sequences represented within

each sdisdamcleptdesepcetipg eeisespendingpolupeptide enalpgrareprpressed using

t Q%eﬁfﬁé@crz@i%rﬁt)%ﬁ GHE BARsIN I Uxfrabid e TEORN A@’&Qnsrcﬁﬁts lafdovalently
1

lﬁggnuc ér) %C'é?%a??] %Sﬁ%ﬂ&iﬁ@%tﬂt% Q#@Et% lgﬁlmhe sequence of

% dﬁﬂefbkyca@fbel”f&ieh@ﬁl $raftfe@o a\fotaabdr nfoddéty aindhi d:s@yen fluorescent protein

ELBRET R RE S S dtonm SRk SRR ph@on ofbinder
nmeetsos somhmndpise Hi’refsleblyt the poiyriviolediddsrepeadingrthetpolyeptide analogs are
y %@ﬁstast(ﬂaﬁpa{l@%tf%g&g %%aaegci)fé'é i %‘(@E{lﬂh&tﬁﬁg ﬁgﬂﬁ@@?ofy@%ﬁk analogs

and Wtt Bi ot ech 15: 55

c It panges repdibicdesomyniaied  Acenrdinglys pachovelhcangaingy subget of polypeptide
1Q8albPs Ao dik&Btoqhe EREdp &iﬂlﬁ%ﬁ%cﬁﬁﬂ Iitdted kS B FloyBeen® hoiety using
each cell surface. Yeast cells are easily screened and
separated using flow cytonetry2and

fluorescence-activated cell sorting (FACS) or magnetic

beads. Yeast also affords rapid selection and

re-growm h. The eukaryotic secretion system and

gl ycosyl ati on pat hways of yeast allow for a nuch

Iarger subset of scFv nDIecuIes to be correctly folded

Y T




coupled with directed evol ution has been used to
i ncrease the K D of an scFv antibody fragnent for

wo baosnesaei n to 48 fJIVI,two orders of magnit udBCT/US2004/020306
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stronger binding than any previously reported

monoval ent |igand (Boder et al. (2000) PNAS 97: 10701-
10pespme display £t wyll isprpbed with targeldizend ig- 4901 wd assayed for

y paBpeptititemapgs tRcEial ahd Wathdisd badify Aheityas @mpdred to wild-type
celiérp dﬁ{ace The proteins of interest, in the present
cREEPRIH% - BoNT/ B scFv LTM libraries or anti-BoNT/ A

scFv Lmypepmcm dnglogs tebmdetastben the wWildstype ppbpeptatesare then re-

T
LSR5 ORI AR BT S g s
t Remygatialpmtibedhior aptered Bindingaisinecstandandechpegues. cel |

wal |l (see Invitrogen, pYD Yeast Display product

literature). In addition, there are carboxyl t er m nal

tags i ncluded which may be % o nonitor

PSS THROUGH MUETA/GENESIS@H AN 'IHBU)ZDH‘E AGAINSTYBOTULINUM

(SoRERE TPy SERRIEVPE W afd B ARGIRNL LRGP RV TOXIN

anti bodi es t BERQJ"I‘]ﬁEEtAo(EBIN\'IWAE) 0 IMB\R(DKE/\FUNGTI@N

affini )
o1 Ty TSP ABHRTRLB AR B o snope
bR T{R) apdhe lavmd}eﬁvecteamé&rqs&faé (BeNd e genesgpdpsing look-
f ﬂ&oﬁﬂﬁnﬁ%@éﬁes&' (QU!‘M:) t6 ‘iﬁ‘igﬂﬁe Fett0h! THIOT I(/I?E@jg?dach is based on

Bi ot echnol r.o ndF us et

NSIHGE Bgleanyator bpR SO eneRonie SR mpkdohaspLon @ subset the
p&TM eet) bfithe 20kNAEI aﬂldxgﬁhaséxpﬂ@e blze,t c¢haygeahyebiopimbigty, and hydrogen

Sbaﬂcﬂﬂ%g{lﬂ&%w&ﬁ%sr Rl o £ %ttﬁé?@iﬁ% abfis @EFﬁe‘lTﬁdset are

usi ng Nown - g equr irbrium

adtbchssaébelewbased sel ecti on, antl bodi es with i nproved

affinities are selected for fromthese libraries. The
fflcagy of eg&p round of selection is nDnltore

ataARtiRody Burdication and {zgne Sequentingagd Single gtlﬁ%(sci*‘v) Design
bi ndi noviadidd ztiitﬂabd’}sﬁ@émd:rﬂﬁ (Rab)l wath Biiﬂilﬁg?aﬂﬁﬁftleé ité BoR¥8 can be

APl S RRpccl R o EENOB e PR ghroe Meriods 193

o B2d QY e TheBoHF abrip(SHREED GA angl. 11T Kightspfheatyorhain polgpeptides,

f |
CLaBeSRAAEE bty HRREQ M RERSH flas Mt i 80 uhain.
I\/@S’é’@?@#ﬁeﬁtr@s}?ﬁﬁ‘ﬂ?’%ﬂcﬂf&e BetFahtZér(SEQ B NOsf 2pd éﬁeleght ind heavy
i 'éhﬁn e@xﬂéﬁﬁ‘éﬁv ﬁ]\ﬁ%b@l% ciifb&lbed. WHS f&égcﬁng sequences are

t
Tﬁssw@rbs X g SPhPh B el bl S B8 0E 2 moratad herein by
c e¢ference e’ﬁhé muris®BoNTA auti el d flil-kex gthasxin dight ichaih Lehidfog heavy

| 4856 LA MM IR AR Bl RELED T P pastor's) and

Novagen t eXpréssion in

coli). ﬁh@ge-w/é@tlbww deseribed i Rless ¢ @lo(?gj)@ﬁ)afraf@c@ Immun.
S@bUWInRas bB Y&l witRine oBfectivd bf 1|nﬁﬁ‘9'519 AL d?ﬁﬁ'tl@§b¥ 38adtone order

(l
B E s ery e gt 590U amien con e
Pubtaﬁnsd&tommaﬁblabgkellﬁs wa. facilitat ed by the

presen a Hi szt ag_at e C.termnus gf the .
D 5oy g oL BE a0 SR Aon o spopesd using
0 stapdudemie@lar&mlngustebmwm Th¢ eanptble mpionb ofithesnolecules are

Aiphliea B e S ?ﬁﬂafe%t G PR @k RO pBIEGIy-Ser lnker

Inetic

%tﬂagﬁﬁi@(? Sﬁﬁéi 5@7)3@ aemgrate finglgiohgin
S @EMdeiése(Gw\qSA@BlytHﬁ té@éﬁﬂHﬂHﬂ% EQID N@@f)sﬁeﬁﬂ AMgE tdpe
verified as cell free sol uble nol ecule ol ub
singl e chain and full -1ength adli-bodi es generated in
the foregoi ng manner may be used to obtain Bl Acore
affinity nmeasurenents, as well as in the neurite
outgrowm h assay or the nouse lethality assay descri bed
bel ow. 7. Screening of Selected Antibodies for In Vivo
or In V'tro hbutrallzatlon A ceII based ‘assay u3|ng

- . Y o




root ganglion explant cultures fromfertilized chicken
eggs have indicated that there was | ess axonal

woodognassh from explants treated with BoNT/ A t PErUs1964/020306
controls. Alternatively, a chick ciliary ganglion-iris
muscl e neuronuscul ar_ junction assay (as described in

L 4BRELASEEDHY (SE@Ij,g N areclso apperdaddp il G-terminus of the genes to
1%%iRihie aﬁ@ﬂmhﬁdéﬂ&qen THRe mam@lés%&MIs 1&%@&5@» of the well

Ki%we?gcéﬁg Bijos o2 adtish baiteal ORplre BRERIE Galeiges gnd fested for

amlmhﬂ:nhwetblblﬂdBMNTmakmm ed in vivo nmethod for
5 testi ngl’rh ?oonrg Q/Nl-gnp secﬁr rvgllsio atf v%l)le yﬁﬁaod e%ltprc;\ga/%tloﬁﬁ%oé&] format to

interp Jectron pr OXI1 e
S alnﬁtr@lq@rmlptagmem a@dnrs aleNE/kBown tB@mvrwllwepwdaemthe binding
Wint B tl?éq&/hﬁg ?A/olédﬁzﬁj wath thOext@ 33& ok %d}tﬁ@ffects displayed by

strai.n mce etorespratory
ndREHvgeEmaleonlery s. QJant ification of neutralization
reqwres serial dilutions of the MAbs with varying

10 3o gApyBaay Bty ner et Ustia on SNrEhYinEsugss (LMD 3id Gene

oﬂ)asmnzed ant| bodies identified by the in vitro
T e
S es. paU eSS RLAGAN L0, Ol AIL4RE S acids

aélg%wre@mspnta@tﬁa@@ﬁfeqnab@haaacter(sﬂggw CERif’n Adaging|and Leucine
1 ‘ch&ﬁué@ 23 enﬂe"(h%ﬁ@xif}f%fodﬂ) eAE]%frﬁc Rbfde(aélﬁlc? 8hd/Glutamine (amide),

et her hem i Se
15 Sm@géﬁ*ﬁ@%&@ﬁek tfaf@ﬂr& F“'é’%% ch Profie M% <3>1°)- These amino
e laeicls rdi@layr‘adlquaﬁﬂ chemieal divesdity inaize, cHaugd, hy(&dphoblcity, and hydrogen

a%&h«?jﬁg agflhg {x{ ?row lé*ﬁget ’I%gﬁ}. 1n1tle%oul¥ilgama8én c%? Mg/cﬁeli%.gc%ll fé\mctionality
deeedrddo amprove Gotibaty ropesties. Al helvloiogs aneal[lsorhmd @ the frequency of
t WebiencERY th\éé‘lbgrﬂgr% bR SRURM DRSO Ativblfes 2Fbr éﬂ‘ainble §1ven between

recogni ze le to ascertaln using no nore
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poggﬁog% %rﬁﬁ'eq{lgpre {@sﬁgcgmracgé Iﬁgzri] 13??35) %@8@%@ ot limited to these
25 ¢ avisr gminageids er aineitefal aamae ﬁcladed LTdyhephysat cantbe pgrfprraed with any
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t he pol ypepti de are nutageni zed. 4. The nmethod of

claim3, wherein the sane predéBBerm ned amno acid is

sel ected for substitution within each of the two or

nore defined regions.




5. The nethod of claim 3, wherein different
predeterm ned am no acids are selected for

wensHdBwt i on within each of the two or nore de€T/nezmo4/020306
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regions, respectively. 6. The nethod of any one of the
previ ous, clains, wherein the defined regllon or defined
f

r &gy §Re i&%‘t’?ﬂ“i‘%’%s gopybesizsHdpr skl apalysipn £ LTM amino acids x 11
pVhﬂIﬂm p@lﬁtloﬂs) ol oﬁ’(ﬁlebﬁde §Ef u@ﬂl@b IKTthestM forendiviitéht stop codons,

t| 0 omai n | e group

Hilda p 60, o ﬁ? B0 W&ﬁﬁ}agpw 5> 34 piygrspeondary
fstmﬂamestsmggmtﬂmlymmlabi&sdﬁ)dg&eeffector region, a
receptor binding site, and a catalytic site.8. The

met hod of cI a| m 7 vvherel n the ant| body binding site
or por 22oRegansrasoligoneleotide R formembinationsef kemeficial LTM

f mafibhe 9roup conS|st| ng of CDRI CDR3, CDR4
i on thereof

CDR5, CDR6 a nbi hod _of . .
claimin ewﬂewsﬁy;t%@a%ﬁ Md&?laf“?%%\%ifléﬁ\‘lébﬁ aﬂmo acids within a
CGIDErRlﬂmIﬁ;re&réthaf ﬂl@mbﬁﬁlﬁﬁoﬁﬁlﬁiﬁstahéa&rmﬁlﬁoﬁ‘Deﬂl&icﬁt/dare@ In order
(0] . natl on,t
octomunealt the yiagons frothfhe A WleBRine oy hbiofeHogeibls adaitivity
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n I ea

1 f .
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"
Bl il SR DI L S e e
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nethoq f ident ying a polypeptide having a desired

‘e or function conprising: selecting a defined
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aB. eaeraltDUM Spasédyl on i n the defined region, either a
codon e or t nt.hesi s of. .t he. am aci .
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expressing the expression library to produce
pol ypepti de anal ogs; and screening the pol ypeptide

war@bogs4t 0o sel ect for a pol ypeptide havi ng a PEBUSBA4/020306

10

15

20

25

30

35

structure or function. 19. The nmethod of claim 18,
wherein the nmethod further conprises the step

! GEHCTGT gt parh ROBiig & NGDIRGE e dot abde Bl Harapidly determines
S gheeahind apidh Ww@% i PR FEr andi@en BRI t@@&t@é ideAtdidition of
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s éhaé do@dlom orquire estiigtion; sites, wéstiritionend pnusieasdse ot BAYAJigase. In SOE-

IR I I o RNk i s

R falﬁen&qrmﬂufsce Hrome enh Unéer CR conditions,
d eld mqalérﬁ@itwy s@m&eﬁ%nalzfs UdEhiral ovdElRR ’Dh@éonﬁﬂ]&nentary

P SIS 1 asf 24 i roc oV Srse o By DR, PO RtSe to Broduce a

s e¢contbathnf molactilke gr oup consi sting of CDRI, CDR2,

" m?@%ﬁ(m@gﬁg ofdZInePob1Be ¢ r@%ﬁﬁﬂ‘gﬁ B c%g)%"ﬂ?éf)iz g?: 2nd CDR-

amlZave mweagd andaPRok 1&@@@@@%&@.1& fenptes @é‘rhh (¢! denotes a

E %&ﬁft g@ﬁ EﬁH'DHElﬁ‘otlé’eg ‘ﬁ*’*{lﬂﬁ AREIBRY RBe ebRFﬁ1tr%1§aﬁ% Eg%;le lr%sed as

1 &MRIpiES 2 ‘ﬁg{iﬁe&géefﬁ Wélduqtggﬁoclwlﬁé Qgi?a {geyuﬁ?@@e& tor generate
r a@ dunblyanmiatesl pogl aﬁlgt&mzﬂ)a thldeﬁlegithht €Hth tIOBR gfagnbe either wild-

o o, s eSSBSl e Bl i Fgure 21
t rﬁ@r q@phsd%tﬂle rpmalse)d Varaind ¢ reabiaths (estiinelading theelvidd-typd niglesnle “0007).

t %nﬂ%ﬁﬂ@ ﬂ&%@%ﬁt B8d afghﬁﬁ po%.b Ereal%§ B3 \@ Wy ﬂgﬁ{ evﬂg@gﬁ

H
P:cgmbmﬁﬂor&{adiya} (Flgyreg%’om EB%W g4 Nar\/’n gembpatiensdincluding the
gﬂﬁmdiyﬁ@sdqabﬂdé? R teRedBRal @ﬂﬁsegft:mhé #h6l IOTM seFy H&raﬁy ensemble.
| ons erein re er.nm ne

"l 8 & Bt it (BLERS ahif At s SyBC A Siftitution.
V\A’th nnmbéreofcheiine edd segicoces rep'resqntddy\nmlmh&a(th shibset library depends on
CRld 186 ogth Y,F{Hé ¢ CISRI 68 Q%ﬁﬁ@ﬂ:l@ééq]u?&%%%ﬁ tﬂeaébgn&%d the LTM
accor
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predeterm ned am no acid resid2&; and




i1i) each pol ynucl eotide contains no nore than one

codon for the predeterm ned am no acid residue. 34.
wab@slooBaary of claim 33, wherein two or nore PBEr/URMA4/020306

regions within the polypeptide are nutageni zed. 35. The

l'ibrary of claim33, wherein the sane predeterm ned

amno acid is selected for substitution within each of
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58. The nol ecul e of claim56, wherein the pol ypeptide
has at |east 70% identity to the am no acid sequence

wobtosa3kdD NO 1, 2, 3, 4, 5 or 6. 59. A net hodP@f/US2004/020306
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identifying a subset of polypeptide anal ogs having a
desired structure or function conprising: selecting a
defined region of the am no acid sequence of the

Pel YhaR At omn@mmAntnﬁ)dm mmmcmiﬁﬁhﬂfyiMu@utrembﬁts
substltutﬁd at nlno ag

it ithi.n th .
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cat gorlze as a nonresponde egorizing responders
and nonresponders in a database; and querying the
dat st oicb%‘l&"téﬂ Rﬁtlbb@ié ﬁﬁ‘lﬁﬂzﬁo Gf Ii§l 13D N%ﬁtra]!lzatlon

| t nt e e e. net
PF P Dottt Erson Ang e suE A ANy Ghielqnurons as an

c inficHter GfBNT Bxtbxication bhé, thed, e d nhncloajuan, toxinaletirilization

| .om t he gr.ou .
Cg‘h Go%ﬂ%s%%) O%C%Qg}lg%e ecg%fq.nﬁﬁlb{)&es d}gl‘g ['IJ liu].u a{g/e l.uneegnrtse%sfl}%dorsal
f mnjtgaoghon@egplaﬁheﬂquﬁg@n dértitized ehidken egpgehasienndibaed that there was
@ﬁgsg bRbnat Bhtgﬁﬁ»m% .L,Mr%ét&} %&hmmy/ %aﬂh%%@ﬁﬂrél‘sed

strate almb5 ereln
petliFpsPlaea plick @‘lhé’ét &a@gh%m% THESCG wborewl%ﬂwg% pssgy (as

h @836yibed & Dond@dth 8bh/e(1990) NBuroXcignce Lettbrghtl3 2hain 6) may be used.

(aruy 18s o Bafalind el QHEA. RIS, B Bhinple Spaptz and

d&autter (18Y8)k Absost Offcdnan€hénmro 1c-99)iis gnathidr vosiEkmwn and accepted

o} Givo 'irfe‘ﬁ‘?bd%r fegt?n b %%gﬂor{leu‘ﬁjaﬁ%a?" ?h Th@ %shﬁggﬁ%é ﬁ}% 1I1@fpentonea1

carryl ng out one
59 sawm@&mmm@yﬁlﬁmi Of{sanmléarea@r@bons ofBaNHEB, oraqiﬁiE/A with

E%E?%W@%h@ t6 38 @th, BRkte TR RiramlmRz. BALARS due to
respiratory failure is notec?{ over 1-4 days. Quantification of neutralization requires serial

dilutions of the MAbs with varying levels of mouse BoNT/B or BoNT/A LDsg. The
MLA may be used to determine the neutralizing ability of the optimized antibodies

identified by the in vitro screening.

The neutralizing ability of antibodies can also be measured in vitro by the mouse
protection assay (MPA, Goeschel et al. (1997) Exp. Neurol. 147:96-102). In the MPA
the left phrenic nerve, together with the left hemidiaphragm, is excised from the mouse.
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<160> 13 <170> Fast SEQ for Wndows Version 4.0 <210> 1
<211> 121 <212> PRT <213> Artificial Sequence <220>

W 23808yht hetic construct <400> 1 G n Val G nPCEUSMAI/020306

10

G@n Ser Ay Ala Gu Val Val Lys Pro Gly Ser1510 15

Ser Val Lys Val Ser s Lys Ala Ser

THt ﬂle@fﬁmﬁw%lsz@ns@ W“?b}i elﬁ@ﬁpsmla%di m@ﬁss‘@ batm Rurified

zsbﬁtﬂgcﬁeﬁre ifduatbE Wit BoNT/B drleWAA&d‘lladQ 06 tﬁé fisdub®ath. Toxin
n, Pr

Phe 50
sty i gk b Y reion e i BpstiR bt
Ser Thr Ala Tyr 65 70 75 80 Met G u Leu Ser Ser Leu
Thr Ser G u Asp Thr Ala Val Tyr Tyr Cys 85 90 95 Al a
Arg Ser Ala Phe Tyr Asn Asn Tyr Gu Tyr Phe Asp Val
Trp Gy 100 105 110 G n Ay Thr Thr Val Thr Val Ser
Ser 115 120 <210> 2 <211> 119 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic construct
<400> 2 GQu Val Lys Leu Qu Gu Ser Ay Gy Gy Leu
Val Gn Pro Gy Gy 1 5 10 Eyubriledkt Lys Leu Ser QIS
Val Al arSer

Met Asn h??%s@‘lyd Whlg u W”géer‘”ﬁ%e & e %}g t@veﬁglg ing  more than

TreutinglexpsrimentatipnAhmnGequivalentartg ﬂSESp edifts elBbodinieptsAdithe invention

S%E dﬁb@dﬁ@x’ Such ¥ ' i
?S Phe Th renﬂ e cSellElul léniaﬂa %gma% ;‘Jg cé@paﬁ%b%%fggllowmg
75'380Sval Tyr Leu Qn I\/Et Thr Asp Leu Arg Thr Gu Asp

Thr Gy Val Tyr 85 90 95
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Tyr Cys Ser Arg Asn Tyr Tyr Gy Ser Thr Tyr Asp Tyr
Trp Ay Gn 100 105 110 Ay Thr Thr Leu Thr Val Ser
WA 85623885 3 <211> 114 <212> PRT <213> Artifi cPel/US2004/020306
Sequence <220> <223> Synthetic construct <400> 3 Asp
lie Met Met Thr Gn Ser Pro Ser Thr Leu Ser Ala Ser
Val Gy 15 10 15 Asp Arg ValCh#isH e Thr Cys Lys Ser
Ser G n Ser Leu Leu Tyr Ser 20 25 30 Asn Asn G n Lys

23 A ers) ot penatfy Lo laal el Snpite i wiicha predsigrmined

Safmﬁ ycﬂi/appeﬁl& dBadlhdRitonSara dfigedlegidd of thid pyolFmaptidk gomprising:

5 g:: Lel ]g]{mgg Hefﬁfstlﬁr h&n bfl:ﬁ E%ﬁnor%cﬂ gqulgnls%Oof e%)(é@]%@ptldﬁ

Gn 85 @&n@mmg/an mymo/aspl wydu@todoefraupstnthﬁed rah@a agni® acid position
G\m{mhe%ny ggnu He 100 105 110 Lys Arg <210> 4
11>107 <212>7PRT <213> Artificial Seq enc ‘ﬁﬁ?

<223> SypthrEring individyal pelynuglgotides eacqsing ¢ detingEigaiomy the

Gipalystlebi@esAobedtivelylrepreSaitinyadossile Viani@o¥ynbckeoti@esldecording to
10 G é@g VaI er. Phe Ser Cys Arg Ala Ser G n Phe Val

G@E CIYE'%5 30 He His Trp Tyr Gn Gn Arg Thr

Asn Gy Ser ipPeashAolynheleotide cortanids aﬂ@chﬁodgy;spoimonﬁmahe defined

55 60 Ser QYR g dnfeliBaIBucupil) GiPRydhra

Thr Val du egtgdem agpdgy for the predetermmed amino acid residue, and

ii) each polynucleotide containing no more than one codon for the predetermined
15 amino acid residue,
thereby generating a library of polynucleotides in which the predetermined
amino acid residue appears at each amino acid position within the defined region.

2. The method of claim 1, wherein the polynucleotides are pooled together.

20
3. The method of claim 1, wherein two or more defined regions within the polypeptide
are mutagenized.

4. The method of claim 3, wherein the same predetermined amino acid is selected for
25  substitution within each of the two or more defined regions.

5. The method of claim 3, wherein different predetermined amino acids are selected for
substitution within each of the two or more defined regions, respectively.

30 6. The method of any one of the previous claims, wherein the defined region or defined
regions comprises a functional domain of the polypeptide.

7. The method of claim 6, wherein the functional domain is selected from the group

consisting of an antibody binding site, an antibody framework region, an antibody
35 effector region, a receptor binding site, and a catalytic site.
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Gu Asp He Ala Asp Tyr Tyr Cys G n Gn Ser H s Ser
Trp Pro Phe 85 90 95 Thr Phe Gy Ser Gy Thr Asn Leu

w@asvedssiys 100 105<210> 5 <211> 16 <212> PRTPER1S2604/020306

Artificial Sequence <220> <223> Synthetic construct
<400> 5 Ser Gy dy Gy 4 [
a& Themethod of 91%,%, Wh@elmﬁqsnt@ﬂm .
PRbnpeikésa 6DR ddraaialsclS@ad 8BREHE OB HTIR | GDR2, CDR3,
C g&u®§§4§ﬁ§f§6 Ia|| S HHs Hs Hs Hs Hs 15 <210> 7

<;@§ 1 1 rprdaspmbingiion fhereof) © sequence <220>

<223> Synthetic construct <400> 7 Qu Gn Lys Leu lie

Ser G ¥ Gy Gy Ay, Ser
iglinggiteor portppthereof

153, SO ATl S A o

10

15

20

25

30

35

c dlseted dronx ApEro® emsistipg ofiR1,IFRD, FR3, PR4 alitha cainbinatian thereof.
Ala Jy Leu Leu Leu Leu Ala 1 5, 10 15 Ala G n Pro
Al t Ala Asp He Gn Met. Thr_ G n Ser Pro Ala Ser 20

(A thed olg!

ednethpq olglaimsz, whgsein dhe antibgdyrgHecjen region cpmprisesra domain

Cyssledied fina thverodbeatBistihe of a complement binding site and an Fc binding

region.

11. The method of claim 1, wherein the predetermined amino acid residue is selected
from the group consisﬁng of Ser, Thr, Asn, Gln, Tyr, Cys, His, Glu, Asp, Lys Arg, Ala,
Gly, Ile, Leu, Met, Phe, Pro, Trp andVal.

12. The method of any one of the previous claims, wherein the defined region
comprises at least about 3 to 40 amino acids.

13. The method of any one of the previous claims, wherein the polynucleotides are
synthesized as expression library. '

14. The method of any one of the previous claims, wherein the polynucleotides are
synthesized using enzymatic means.

15. The method of any one of the previous claims, wherein the polynucleotides are
synthesized using polymerase chain reaction.

16. The method of any one of the previous claims, wherein the expression library is
selected from the group consisting of a phage display library, a ribosome/polysome
display library, a yeast display library, a bacterial display library and an arrayed library.

17. A library of polypeptide analogs prepared by the method of claim 1.

18. A method of identifying a polypeptide having a desired structure or function
comprising:
selecting a defined region of the amino acid sequence of the polypeptide;
determining an amino acid residue to be substituted at each amino acid position
within the defined region,;
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Gy Asn He His Asn Tyr Leu Ala Trp Tyr G n G n Lys

Gn @y Lys 50 55 60 Ser Pro G n Leu Leu Val Tyr Asn
web@shys4Thr Leu Ala Asp Ay Val 65 70 75 80 PrOI/8682004/020306

Arg Phe Ser Ay Ser Gy Ser Ay Thr G n Tyr Ser Leu

Lys 85 90 95lie Asn Ser Leu Gn Pro G u Asp Phe

Ser TysSyniesigips pedyRugipeiides encpéslgﬁe dp@@edrrﬁgwséhe Hfﬁlwnucleotldes

Preeliddtivel Rhanti ogalme%ﬂ blyaMelebidles Gebriing tolth® followin
120 125 E{/fgpArg %lg Asp A AFaylgro Thr Val Se%B lie 5

PIFEYBR, Pro Ser Ser 130 135 140 Gu G n Leu Thr Ser
Gy Ay Al aiperachalynelcotidescoRtainihg at dseh cAdon detBioh50 the defined

|1|52 ,:’}\Sg Phe é%lgn ét%eﬁl'%éoﬁg dfl[}t%dﬁﬂhé@kntksﬁs g tHe é}ﬂﬁm acid residue

Leu Asn Ser ofithe pypeptige @ mcotiop f@ecpnq_qféhwwdqtsmlm%ammo acid
190 Ser Thr IMiucSepg Met Ser Ser Thr Leu Thr Leu Thr

Lys Asp G u Tyr 195 200 205 Qu Arg Hi s Aﬁn Ser

Thr Cys G u ieachmpplypycieofige cqiﬁamg@rnmﬁprezt @@P&Oﬂ% for the
Ser Pro I|e edetdritSnedaimiith acidsésidiey Asn G u Cys 225

230 > 9 <211> 254 <2 PRT <213> ti.fic
10 Sequeng}éer FLeLng an EEPIERRIGT fé‘é?n%‘lnntad‘&’f‘gggﬁf’;yré’ @k‘deﬁ
Lys TyrxhessihgtheRxprefion Bbraryogpradize@olyeptidd aaldgs;and
Leu Al
Leu G dorbomng e YRR Bl 1658l iy Lhfybiota byt desired
Gisjrugipee adpnefign. | ys Leu Ser Cys Thr Ala Ser Gly 35 40
45 Phe Asn lie Lys Asp Thr Phe Met His Trp Val Lys Gn

Arg Pro G 0] G.n GI lie.dy Ar

15 1119, 28 mestBodpt Clatap Thayrarety thoictied BrthpEoamapiiges thpsleh of
Adperffifying yige piiemClaotidé ﬂlat_gtﬁsoéésa‘.h&'beled:tedapdllypepﬁda akdpg.
Thr 85 90 95 Ser Ser Asn Thr Val Asn Leu G n Leu Ser

Ser Leu Thr Ser G u Asp
20. The method of claim 18, wherein the screening comprises,

contacting a polypeptide with a target substrate, the polypeptide being associated
20 with the polynucleotide encoding the polypeptide, the polynucleotide further comprising
a detectable moiety, such that a variant polypeptide capable of binding a target substrate

is detected and thereby identified as encoded by the polynucleotide.

21. The method of claim 20, wherein the detectable moiety is selected from the group
25 consisting of a fluorescent moiety, a UV moiety, and a visible light absorbing moiety.

22. The method of claim 20, wherein the detectable moiety is selected from the group
consisting of a biotin moiety, a GST moiety, and a His tag moiety.

30 23. The method of claim 20, wherein the polynucleotide is associated with the
polypeptide analog using ribosome display.

24. The method of claim 18, wherein two or more defined regions within the
polypeptide are mutagenized.

35
25. The method of claim 24, wherein the same predetermined amino acid is selected for
substitution within each of the two or more defined regions.

-31 -



100 105 110 Thr Ala Val Tyr Tyr Cys Ala Ser Gy Qdy

Gu Leu Ay Phe Pro Tyr 115 120 125 Trp Gy Gn Ay
wabooskeiss4d/al Thr Val Ser Ala Ala Lys Thr Thr Pror/6S1hH04/020306

135 140 Pro Ser Val Tyr Pro Leu Ala Pro Gy Ser Al a

Ala G n Thr Asn Ser 145 150 155 160 Met Val Thr Le

G2p. @hs meshpd\eficlaigps2dawhersj difigeenpprsdefermiped apgio acgls are selected

17%6r subStithiion Wathinldath &f theAWD obflordUefinddrredions. Ser  Ser
Gy Val H's Thr Phe 180 185 190 Pro Ala Val Leu dn

Phe Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr 195 200

205, \Tak nRtleodSsfcldear 1 STiwheiimpthempolypeptidd is aFhrgld/ainTdntibody (sFVs).
Cys Asn Val Ala 210 215 220 His Pro Ala Ser Ser Thr

Lys Val Asp Lys Lys lie Val Pro Arg Asp 225 230 235

2488. Qs nitthodSafrclabing] Sawhein theidgfimed region agmprispssa fyngtional domain
HIO?ﬂ?! b;‘aﬁé]B tlgéo<210> 10 <211> 236 <212> PRT <213>

Artificl Sequence <220> <223> Synthetic construct

<400> 10 Met Lys Tyr Leu Leu Pro Thr Ala Ala Ala Gy

Leng. l1gw nhebod-eftlAhal 8 wheddin &l dfifiedFogidir @ni¥rideseCDR @& portion

G n Ser .Pro 0
10 S3Rerg oo B e R St @hﬁﬁ@@n?@g CRigh coRs,
AlGDEeenB5 cafibihati@i thetofi |ie H's Asn Tyr Leu Ala Trp
Tyr Gn AGn Lys Gn Gy Lys 50 55 60 Ser Pro G n Leu
Leu Val Tyr Asn Ala Lys Thr Leu Ala Asp Ay Val 65 70
7508 (Thpmeﬂs& ofglginphi “st,@ren@v dsﬂrle@%glcselﬁ apptibady figmework
T)fég1§§ Eo ﬂgﬁﬁsﬂtg/ﬁ d&'élaﬁl s%ﬁctdd%oﬁ&&e?bu}#@dhsﬁlﬁ g BF BRERR2, FR3, FR4

Tyr Cys G n H's 100 105 110 Phe
15 Trdg‘dgé’to 6hef¥‘1§ Thr Phe Gy Gy Ay Thr Lys Leu

Gu He 115 120 125 Lys Arg Ala Asp Ala Ala Pro Thr

Vagl. %%re nlfétﬁocf) gteclg{nol é:,) rv%e?e% th%e(feﬁi]lg’&) reg[)’o% $48 antibody effector region
comprising a domain selected from the group consisting of a complement binding site
and an Fc binding region.

20

32. The method of claim 18, wherein the predetermined amino acid residue is selected
from the group consisting of Ser, Thr, Asn, Gln, Tyr, Cys, His, Glu, Asp, Lys Arg, Ala,
Gly, Ile, Leu, Met, Phe, Pro, Trp and Val. |

25 33. A library of polynucleotides encoding polypeptide analogs comprising one or more
defined regions wherein a predetermined amino acid residue is substituted at each amino
acid position within the defined region, the polynucleotides collectively representing all
possible variants according to the following criteria:

i) each polynucleotide contains at each codon position in the defined region,

30 either a codon required for the amino acid residue of the polypeptide or a codon for the

predetermined amino acid residue, and
ii) each polynucleotide contains no more than one codon for the predetermined
amino acid residue.

35 34, The library of claim 33, wherein two or more defined regions within the polypeptide
are mutagenized.
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Gu Gn Leu Thr Ser Ay Gy Ala Ser Val Val Cys Phe
Leu Asn Asn 145 150 155 160 Phe Tyr Pro Lys Asp H e

wa\20sved34iys Trp Lys He Asp Ay Ser Qu 165 1FOT/US104/020306

20

25

30

35

Arg Gn Asn Gy Val Leu Asn Ser Trp Thr Asp A n Asp

Ser 180 185 190 Ser_ Thr Ser Ser Ser
Bﬁl@ 111-"Fﬁf3’ pEetatp 33 w%erﬁglﬁh@aanen?yrﬁdef@@%%m?m agjdjs selected for

Afsﬁbé‘dt@tle‘fﬁﬂﬂﬁﬁ leadly 61 the tw&¥smctd dofinad fdpionsi s Lys Thr

Ser Thr 210 215 220 Ser Pro H e Val Lys Ser Phe Asn

Arg Asn Gu Cys 225 230 235 <210> 11 <211> 254 <212>

PRB. Shi3ibrady of Elai 3B, Bheramntiffere@ifedot@AfnedSyminbetids are selected

Thr Ala Al a
5 VapE oo PR e BE ke b mor e G o %
Met Ala Gu vVal An Leu Gn A@n Ser Ay Ala Qu 20 25
3G 7L ethe Yidkarl: B8 cl%ﬁﬂ 38 Mhe%ﬁ‘l {26 Ilbr\e(f%l is laﬁ%x131%H31§1? liblayye Thr
Al'a Ser Gy 35 40 45 Phe Asn H e Lys Asp Thr Phe Met
H's Trp Val Lys Gn Arg Pro Qu 50 55 6OGIn Gy Leu
G| 38 'ﬁfh& li’dre&y of ylaith 93J'bvlieréﬁﬂh5’e>cpré’dsﬁm&ﬂﬁa@1y sededtedr; ﬂbm&ﬁe group

Lys .Phe

0 & pfifshieoTayRE 5By G n S0 bRl AP e st
desPLasulllsaly, Sbacterial digplayJdrar@land Ag prrag®l litlgaryl 10 Thr

Ala Val Tyr Tyr Cys Ala Ser Gy Gy Gu Leu Ay Phe

Pro Tyr 115 120 125 Trp Gy Gn Ay Thr Leu Val Thr

val®- Seie likragy af glajm 33w emarthpp@m%%geoi@ss furthepppgise one or more
VacfanIm tichal re@ila 1Bments Yy Ser Ala Ala G n Thr Asn

Ser 150 155 160 Met Val Thr Leu Gy Cys Leu Val

Lys Gly Tyr Phe Pro Qu Pro Val 165 170 175 Thr Val

THO. Tile libsary S€ claizh 39 SeherkeuthSpolyBardedBidgs, WetlenHiramsdritred and

%ﬂ%ﬁgdﬁ ?it 281‘6 sQo«@lt?d @11 tljreeﬁblﬁeﬂt&@sr er@é@ed‘l?}%h@é{)rrespondmg

polynucleotides.

41. The library of claim 40, wherein the polynucleotides are associated with the
polypeptide using ribosome/polysome display.

42. The library of claim 41, wherein the polynucleotides comprise RNA.

43. The library of claim 42, wherein the polynucleotides further comprise a detectable
moiety.

44. The library of claim 43, wherein the detectable moiety comprises a fluorescent
moiety.

45. The library of claim 33, wherein the library comprises at least 10° different
polynucleotides.

46. The library of claim 33, wherein the library comprises at least 45-10" different
polynucleotides.

47. The library of claim 33, wherein the polypeptide encodes a binding polypeptide.
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195 200 205 Val Pro Ser Ser Thr Trp Pro Ser Qu Thr
Val Thr Cys Asn Val Ala 210 215 220 H's Pro Ala Ser

wW®e005/03343ys Val Asp Lys Lys H e Val Pro Arg ABQI/RR5)04/020306

10

15

20

25

30

35

230 235 240 Cys Thr Ser Ay Ay Ay Gy Ser H's His
Hs Hs Hs H s 245 250 <210> 12 <211> 236 <212> PRT
<293 hedibary of glpinsdd, wheraindbo bindiag polypeptideris splected from the group

C @Bt ofaHavy dididvRiridbSrelion (Vey) alifsht Bhidin Thfiabhé fecfirA(Vy), and
Al a.élﬁ@Loeuarhl%udL 1 eu Alr'jgl S(N%g al?hAl a 1(13 n ?Dro EI a{ﬁ( 1), an
VELS I Aa/d}félb S Y;#V t Thr Gn Ser Pro Ala Ser 20 25

30 Leu Ser Ala Ser Val Ay Au Thr Val Thr He Thr Cys

Ar ; . I S T

8. R Ry EPerith 38, hokefiife DSl Qurdgnceles o o

Leu Leu Val Tyr Asn Ala Lys Thr Leu Ala Asp Ay Val 65

G TR T8, s e b lmiEotdorPBles kg e ntibior

Gu Asp Phe Gy Ser Tyr Tyr Cys G n H's 100 105 110

Pis¢. The libedry dhelafdi 83, Wherdinrth&pslyhactedEdy efdated Blcatalisic polypeptide.
Leu Qu He 115 120 125 Lys Arg Ala Asp Ala Ala Pro

Thr Val Ser H e Phe Pro Pro Ser Ser 130 135 140 Gu

G53. (Idg libhary 8€claiBh §3.GiherginghStbrakgais idalobilized Bha sbkd support.

Asn Asn 145 150 155 160 Phe Tyr Pro Lys Asp H e Asn

Val %‘2 Jrp ‘Lygs He Asp Ay Ser Qu 165 170 175 Arg
GoR- Ads librapy vhelame §3 ebergarthasqlidmyppostis aanisredip-Ser

Lys Asp 180 185 190 Ser Thr Tyr Ser Met Ser Ser Thr

L r.leu Thr. L Asp Gy Tyr 195 200 20 u Arg H's
aSH A8 ety o) 33 FBersipdne Hprafy 3 of giraet g Thy

210 215 220 Ser Pro lie Val Lys Ser Phe Asn Arg Asn

Gs4 %’ﬁn&géug §&n&&?’s§ng an array of immobilized polynucleotides according to the-

library of claim 33.

56. A polypeptide analog identified according to the library of claim 33, wherein the
polypeptide binds to a target molecule and comprises a binding region selected from the
group consisting of a heavy chain variable region (Vy), a light chain variable region
(V1), and a single chain antibody (sFv).

57. The molecule of claim 56, wherein the specified target molecule is TNFo.

58. The molecule of claim 56, wherein the polypeptide has at least 70% identity to the
amino acid sequence of SEQ ID NO:1, 2, 3,4, 5 or 6.

59. A method of identifying a subset of polypeptide analogs having a desired structure
or function comprising:

selecting a defined region of the amino acid sequence of the polypeptide;

determining an amino acid residue to be substituted at each amino acid position
within the defined region;

synthesizing polynucleotides encoding the defined region, said polynucleotides
collectively representing possible variant polynucleotides according to the following
criteria:
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<210> 13 <211> 254 <212> PRT <213> "Artificial

Sequence <400> 13 Met Lys Tyr Leu Leu Pro Thr Ala Al a
wWeb@s5@h3g4ieu Leu Leu Leu Ala 1 5 10 15 Al a G nP@Er/oSMoa020306

Met Ala Gu Val An Leu Gn A@n Ser Ay Ala Qu 20 25

30 Leu Val s Pro Ser Val Lys Leu Ser  Cys Thr

Al a Ser %sacmokb@uﬁiﬁ@t%wmal@ms%ea&éﬁo PYsifgonygthe defined

Hs Trp VaI reyion Githers €oddhQedditedor e s@ﬁh@l@oﬁlﬁ! al@ib acid residue

7075 B0 G PR P%ﬂ%ﬁ%ﬁ%%@gﬁﬂﬁ el ey iR gy pid resicne,

lie Thr Alaahdp Thr 85 90 95 Ser Ser Asn Thr Val Asn

5 _%_ﬁ:l 2 2 \L/Z:J %ach?@&lﬂa@:‘ljeoﬂ% céﬁ‘tﬁm@%’l oéﬁereéq& %ﬁ)elscoé%g for the
Phe Pro Tyr predeterminedzmime geidirgsidian Gy Thr Leu Val

Thr Valp&eby &r&ﬂn@ ah ¥8p fglé]é'loﬂ— ﬁf)r &)rﬁéﬁn%% ﬂﬁ?nl{?:ﬁébtldes
Ser Val Tyr. Pro Leu AIa er Al a

Asn Serexphsng s cxRmssiemliRK \9&8"“ w.onwafk@@l e lé@ry is
Valkptegsed§$s y Tyr Phe Pro Gu Pro Val 165 170 175 Thr

Val Thr_ Tr Ser Ser r Ser Gy, Val.H's, .

10 7hr pneorEB st oty ety e B e XEyingatfesired
T)strUWureQreﬁLmSmn,Ser Ser Val Thr 195 200 205 Val Pro
Ser Serg, the sfrﬁcé?er oquuHctUﬁr ofgﬂé p&lﬁgéepaié a@?{in}yﬁéd to a control

Al a 210 2 O Hs Pro
LfSiare, W#lére%m PEyREDAfy g Gome ORI E3GEeSH recspatrygriterion is
Seategbizdd 36 dGeypotist 2B pdlypeblide tHasfaktl theldofitrbl &itédén is categorized

15 25as a nonresponder;

categorizing responders and nonresponders in a database; and
querying the database to determine the sequence of a subset polypeptides to be
synthesized.

20 60. The method of claim 59, wherein one or more of the above steps is computer-
assisted.

61. The method of claim 59, wherein the control criterion is selected from the group
consisting of binding affinity, stability and effector function.

25
62. The method of claim 59, wherein the control criterion is catalytic activity on a
specified substrate.

63. The method of claim 59, wherein the polypeptide is selected from the group
30 consisting of a heavy chain variable region (Vy), a light chain variable region (Vy), and
a single chain antibody (sFv).

64. A medium suitable for use in an electronic device having instructions for carrying
out one or more steps of the method of claim 59.

35
65. A device for carrying out one or more steps of the method of claim 59.
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