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side chain; its hydrogen bonds are rat her strong. hbutral pol ar acids are
found at the surface as wel | as inside grotein nol ecul es. As internal
resi dues, : :



t Hey usual |y form hydrogen bonds with each other or with the pol ypeptide
backbone. Cys can form.disul fide brigpupssy ddes di ne (H s) has a

het erocyclic aromatic side chain with a pK value of 6.0. In the
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entirel y+neigenis PrLRAEHyirab 8genis gaaiist viwsesisuch asrAIRE; thingvitupassinfivayzabe hbpatitisold ulsesise oft 0
a protein. PYINEPS (@dulivnasnasey)ia epss\ohgraymegrequiing @-fgtoy f@ELidation efcaremetic yingsan
be achi evedd Sthapqaubls pends. indystial prpligatiens & biepripine PIgRses. Q9nversion ofkiernasa into fuels or
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properti®s, such as solubility or stability, which 10 woul d be useful, for
exanple, in comercial production. Typically, the nutagenesis wl| target
the Fv region of the i mmunoglobulin nolecule - the structure responsible
for antigen-binding activity which is made up of variable regions of two
chains, one fromthe heavy chain [err] and one fromthe light chain [err].
The method of this invention is suited tg the design of catalytic proteins,
particularly catalytic anti bodies. Presently, catalytic antibodi es can be
prepared by an adaptation of standard somatic cell fusion 15 techniques. In
this process, an animal -is imunized with an antigen that resenbles the
transition state of the desired substrate to i nduce production of an




reaction. Antibody-producing cells are harvested fromthe ani mal and fused
with an inmmortalizing cell to prodgpesaylghs g1cells. These cells are then
screened for secretion of .an antibody that catalyzes the reaction. This
process is dependent upon the availability of analogues of the transition
are likely to be difficult to identify or synthesize in nost cases. The

met Rkagd of Megeld i nventi on provides a di fferent approach which elimnates the
need for a transition state analo ue. By the nethod of this invention, an
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of novel [Figutecs. inseachiBase, the gusitiengr windowiicis be anutaganized & siaawn. Ibis uddesstapnl @talt the

whi 6ha celigonvalagtider syothesined cars be darigen dttan \thet yindlawr shgwim it Facilitite rinsentiennrintoethe itanget
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| et hal | e8P $f B Wihiype spguangsis cukstiip bndspi (Figwe Aalt Twoeadon precilysespARACHNd GATL. t
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car bon so% %ﬂd’% e Of R 8 6 r’mé'tg '“?Wgt'ﬂ'?dg se
al so, onIy 9°s expre S|ng the enzyme act|V|ty wi || grow on the plates. In
t hese net hods It Is not necessary that the enzyne activity be secreted if
t he suhgtrate or a product of ttl.e suq.strate (cro%erted extracel lularly by
anot her activity) can be taken up by "t he celd addi t9 on, one can test
directly for a novér f@GnétCon by Cncor porCati ng a Stma'trate- into the nmedium
whi ch when acted upon leads te @ visgal indiggtion of agtivity. 55 EP O
527 809 B1 Illustrations of Wl k- through Mut agenesi s Model | 5 To
furtherssillustrate the invention, a "wal k-through” nutagenesis of three of’
t he hyper\Z’aiSirepteIseltsraaugb(lgns:fﬂr=da$rqﬁtfmoraoriublyotides$uem¢st ng regi ons (CDRs) of

t he nonocl onfaem thatgeistiel odRIHEPE8iBle tasdedene @l thie @adino @EiR1thal will s@BRBte dfe origiaal breiay y
chai n ( VHpcid ifgeactppesitigr. Fertthis casgiihe Grstaminoracid wtiraiwayd be Age(190%h ¢hectesoni will be Phe

sel ected for wal k- through nutagenesis. For this enbodi nent, the am no
acids selected are the three residues qf the catalytic triad of serine

prot eases, Asp, His and Ser. Asp was selected for VH CDR1, Ser was sel ected
for VH CDR3, 10 and Hi s was selected for VL CDR2. MCPC 603 is a nonocl onal
anti body that binds phosphoryl choline. This imunoglobulin is recognized as
a good nodel for investigating binding and catal ysis because the protein



been wel | characterized structurally. The CDRs for the MCPC 603 anti body
have been identified. In the heavygghabpgodRl Spans anmino acids 31-35,
CDR2 spans 50-69, and CDR3 spans 101-111. In the light is chain, the am no
acids of CDRL are 24-40, CDR2 spans am no acids 55-62, and CDR3 spans ani no
aci ds 95- 1253), Aspd2524)i Tyo (2a%) oF Vali(2B%), theithirdtamino latig will e qusme)sqmad(sm) thadourth
nunber s ofwilt beeMed 1{i215%),a8sp (I2.56) Viahi@5%laEle it2. %16 G2 3%idb de8tep or L §25Bland the
cotres pondiftimgodon willnbe eitherr @y (&R lor Aspy@P%h i total: 42 digonudeotides whighendlt toge ddranad
and sequerﬂé@@“wf@m)aﬁtquwm@ rfex 2 md XCDRAIIR] d5p gerieeated. Aveana thect 12 differerd ginipb atidl n
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segyenca. 30The CDRA| df ahenidt iegied yf, MOPES0D foorttdire etghh amina pqidsOBR:68) SSeskdsdf Ithese emino
above, suchidadséb2hwae sientbhdsi walietivpughamitagecesisl @ dapictedgul Figurendk dThe, nhixti aof y

of pl asm cigopvniegtilends depignechinswhiich eabie anjive iacid @f thegyildriype sPhuengsutill ibe Hrertacedrbno
aci d sequdistidnegtHis). fiwo paps (GABangd CAGh spexify Hie dhasubstitutionsisequisest frovgheud theoyildrtyppiA
sequence. AYepes totalsi3. Zhys. the) pligapuclefide mixtuse: pradicedt eoptaing 2'* 408192 cligrpupjeptideot e
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MCPC 603 'rﬁxtc?r Qo' dbciedtidey iff o pal a'ﬂo IFH% ﬁ éc%?\schg berVXM1 |ve
be nut ageny gkl «’aroeeda OWdid ihotv r Fead Qﬂdfeﬁt ledtid iP'a! BHRBM &R hG&al of 10
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Wil d type cemante tfiowiy tenidhainbédrsit ed by Asp (Figure 3a). Two codons specify
asp (GAC and GAT). The first codon of CDR1 does not require any

sustitution. The second codon (TJ ) rles substitution at the
first (# to G and second positio*whﬁg s%lﬁm rder to convert it into a
codon for Asp. The third codon (TRAC, Tyr)| reduirles only one substitution at
the first position (T to G. The fourfh dodod (ATG 45 Met) requires three
substitutions, the first being Afo G tHe s€cond T to A and the third Gto
T. The fifth codon (GAG du) requreé oqu Sne |substitution at the third
positiof (Gto T). The resulting nxtgre of‘ﬁélg nucl eoti des i s depicted
bel ow. 50 s T eg | T A TG

G5 - GA C C AC 4 +c | GA 3 GA G
GAT T 55 This repregentgy a m'gwjg of [err] = 128 different
ol i gonugl eoti de sequences. Fromtpe ggnéet | CcG it is possible to deduce
all the amno acids that will subSt+tete—the—e++gi nal am no acid in each

position. For this case, the first amno acid wll always be Asp (100%

t he secondVithi q“? a'[?ég‘?ﬂP?@t 3y nucleqtige ganche-yepiagerl ryja gombingtion A%tiﬂ° {igaingfides o gy (’255‘98 or
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(50% . In t9 R3128I o & tJr "ﬁi 1(W2'i 1679,d§6f3°g eli?s {a%rfnt
protei n seqygppRS l,ox74 '?6, %6, 4. ,6.26,3,3?', ) e:‘.1 ‘hée 112
different amno acid 5' sequences gener at'ed W|’I be the wild type seqguence
(which has an Asp residue at position 3}), and sequences differing from
wild type in that they contain fromone to four Asp residues at positions
32-35, in



al'l possible pernutations (see Figure 3a). In addition, sone sequences,
either wwth or wthout Asp substltE{, %:bl” contain an amno acid -
neither wild type nor Asp - at posi |onsag 34 or. both. These am no acids
are introduced by pernutations of the nucleotides which encode the wild
type am no ags dn amshaidd tolthe pRERER| BGibGT &Nhdhuabats ifr@ie IRYABIhE oligofuclsbifiier ©
3a, .at possyhtheizer3id possjtie) HHeNRachiy tgn aNprogrihmetto(dvidl fronfitvd Gramaé @dsersloins Iof pure
addlvon t tmsdshe ganelatd theydaeirep ipopyrtianl chmicletided?ne) resi due and t he presel ected
Asp resi due. Edhenx@Dief syhthéticeligdhliciestidles nandife idBREIGOIB theggenmidethel pspxdctive IMGRE 600
aci ds, &s atiablenregion. Hihg oligon®lpotidés wank bai canverfed @itd daublesiranded dieins ibg edaysiatimtech-i n
whi ch eac higueh(saee.9.nQliphant. i b4l 1986, supre) ani then ligated it (estrieted plasmicsgentainiogthey
serine ( Segeye cedingdersibe prgtel te be wtagenizedcihg restirtion sliirsadd P coturallyPeRing ST
speci fy Seangineerpe rastriction §es:  t ut i ons required thr oughout the wil d-

sequence anpUif Mgt MEPC KO3 &e"P%E‘ﬁ'F‘f“ctef'Hé"lﬁfq Shee sulieile Rrecepres

t
nesc xbad Bh gtgc@y@im gex;;;

cont ai n¥ xme??@@)@ %rf“fe@#e f8

de f Biotechnglagy 9
Contal i ne ?YWE‘; e ggﬁ Ty o q§°r «%';‘g"g’“"w“’?'ﬁ
one OI ht he o Sari ]aj'g ,Fégpﬁyeh @ eltr%gt &5?2
nor e i
of the UL S H'PJ‘F\p o p%anéea'ag &/H%na W.I)f ol Shains fdr

t hese am ngpg af bid Prot. 20! RodeLfér %sﬁ%k%%ﬁ PloesRlsp BfQH' nm%@&eéﬁ@tﬂ\ssFaﬁsor
depi cted |5§9ﬁrgmt.goa'§qno|g£mgg m xtare of oli gonucl eotides is designed in whi ch

each am no amidbrérbrrddbmbuditéht, thssmgR REMARCcoHing IVHRAd VE Bro dchChttiYed o Iihel 3 biteof
(H §) , Zn0a sqenesencsding aosigial GAqubnce psueh iwé"brﬁpA piA o8 péis %ugﬁwﬁeqmse LeigsiPretdl.,
m xture praad be exbresseufmnna; su{ma' vector aﬁlﬂébzretoldurg@tnapbrwsmldesaca& B\volt whespthey Wiyl
8192 di f f orfeldanpegntbie decowegUie atiesforfs (Rkerfe, 4uat ol., Bidjochnlogy  273-278d991)hiThe mutant
mut agenesi 1 aeeh can betnpnauirently wxrrdseest withawild-tyiph &L e prodiice Fn vasients [or go dascribeditwittle
m Xt ur e, rautatqemmr\sk ipfurtipy ingreepa dhecumber grd tractiplyerietiea theipratsin mdantsai ns 112 x
4096 x 8192 Screpning °§<"'TSEIV? jantg for peapigifian g5 protepivticengtinarsarke acporaplishad injan ap say as
proporti oﬁeéq'b?%m forcth HIN Peteasy yariangs, tEprample finote, alpa,that singg;thpycafalytic drjad
Asp typi calf ‘\6‘; 2P hed ajsp Bpanjeplicatny F‘H'i‘%'“?‘i’i‘é“‘%ﬁé?@%ﬂ 'i'Pé’E‘?Fe"aPaé'& vt Jipasg dunction
The synt heSPBr° PHE™fEyenerat e mi xture of ol i gonucl eotides can be
conveni &nt JseAPt @i ned in an automated DNA synthesizer programmed to deliver
either one-naet eotide to the reaction chamber or a mxture of two

nucl eotides j.n, eQUA mb&d L 'd .gen%tbqar sdhife bldRa Lél‘jh tﬁé% pé Bod ﬁ?‘&%&% As
chariber. Alechd dals S 56 W S irr\
differepnt digén MIHQ%SIéTBd ‘?or ﬁlﬁa\ﬂ-ﬁﬂ.{)mvﬁ'ﬁ% kethrébgh @’I‘nﬁ mo@ l 11ddn b€ %géet .udéﬁg'i.ﬁ&

four of Whieindnguabia hitiir 8f thé\Rall-dlgh dss8hesagRSaaRNd remai ning 6

contai ni ng akdr 1 HisWRIKIRough @F YHIBDR3! MI tRAsRIeHIdES kbﬁﬂféd ATegint Mstidifte RERAS are CaN
be enpl oy agtrodtees Yrorh pesitiorL108AY1 6 the VM Rgioh. FjuleR Miusta8R trigshes-thidiight gidcBdure. Note
mut agenesi that [ QB a®l oth®drexamdsp khe, petdamtageblat SHsnNprodBed &6 dalkilatée fofl A% ¢H3€ vhbre
cont ai N4t hepprodiinbteiyeqa! dreportiofiscot the wld-typé e HierucleotiBy ab introduéél. These propoftios can be

T 3 adju§ledito influence the @egl®ncy with which various amino acids are produced. 5

(A+T 6 Figure Gh\lll@trafgs the Ser wilkiiim@ghgof VL CDR2 {riTeacl) p@ition (55-62)( Hergythes@quence at
10 CP°$'“‘@Z 5§\endh62 ip IUBChﬂPQP@lP@]W'F preawymrﬂaecm@dmecfem@m Nate thalcst gesitign By a
combi nat i ciheygh fopkrifferant ruslestige seagenc grepied. 9Rly §reerdifieregiayeieim seguenges would by o

f ol | owi ffg RleRdn TS Qyicoma isdue (9ifke fadd thal b Godeas for @ s??ﬁ?q‘?ém ze the desired

m xture of g%f?g?’h?‘éh%l“ %lﬂé\"%&?*d’é% prodice a Jioyrapi kv sequgnops which gontaips 132 x
91, 3 7. g t protein sequences. Again, a significant proportion of these sequenées
1,7,3,2,6"% %*;tgdeg';dfatfggzm fies %*f%'"éhazh%aza*;g;eg@saés o3y o L

CDR2: soloany rB:BSI ed Eigdr example, dsgenerate oligonucledt| d!l sign the%DI:é 11

these may be used together in any combination of regions and chains desired, as well as in dlfferent
structures (e.g., single VL or VH chains, Fv molecules, single chain antibodies, full-size antibodies or
chimeric antibodies).

65 Model Ill

In another approach to the design of a serine protease, only the heavy chain of the Fv molecule is
used. Monomeric VH domains, known as singie domain antibodiss, with good antigen-binding affinities have
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EP 0 527 809 Bl As an alternative to this procedure, if mxing of

i ndi vidual bases in the Iines of thg sﬁowg%@ot | de synt hesi zer is
possi bl e, the machi ne can be prograrmed to draw fromtwo or nore reservoirs
of pure bases to generate-the desired proportion of nucleotides. Each
respective MamR@ 80 $alEthrougly meajepesiscfordils madel Asp vgroselectce ok VH CDRE gfigue3a), His for
conkert ed i MHEDEB@hy Ser ar VHIDRS (Gigime 8. Aggin.ane yfrtiee degertertpnucientidel ssgudnseaieseriged,
Qi phant, AlnRModet | egn be reuseh(Figyrep Ba pndadtdl Fidwenbal shgest thel Hisrwatk-throwgh st R iportiedof VH
pl asm d canBF‘hl ng the gene coding for the protein to be nutageni zed. The
restriction siQigeiclestides qompriping, they Wingowscehawn im Giowes: 8a; 3prand (figiurecter and degenerate
restricti on°lgprugleotidas, compiomentary W@%U@d‘lﬂ’é @ Besn dnade, Fudhprpgye, tusieg compleresniaey
sui tabl e pr 819aYGP 9%5'53(9?'?95@?1‘“819&?@9@% igopyclgelides, and dhelt somplements iyl lepgtindaubles
coi | expr, esd ?eé?h"a' | ‘35'\ conmf% WWW@F"B vasants: have epn sipRedspta the vector

(Pl uckt hdh, ggc b%a R:'gi rli) \PRYAr sequose 1gr7gactoten. (T E@S?}‘pe"gﬁ'@? e
(199

A et al. ! ZI§0t|d 7§Id incor] r)at}on II-II;O ant rOt el
expressed f g, &rnstcw W cﬁ‘ @ﬂ;@ﬁf 6-1 }J?f eq!fﬁ Bosf
bacteri a aﬁ,t on rg van eﬂﬁl%
(1989). ﬁrﬁpo?ﬂ% opt'h ﬁ‘arna wilt Rdvb ﬁi@r;ﬁsel&:ied% ?nb a7} lant s

present ”Et Ghs GA BitetaBve 1B sidgPth® VA SHRE YindSy %Wﬂn %Oﬁl%fh@} ﬁl wsér\&*}'r\pgscs:nga
yeast, or i Gifféreitperidnan VEI@I*{E wa$ Hezlgne¥S(FIgGHE BR tHN wi eﬂﬁlﬁrﬁosﬁlﬁ dif theTeb%n@ére
vari ants caselda®d o6 Made W1 Besfow Bickuntioplsi@lanabh) antisubctid 1B $aRRrdugh Abtagenbdl Ring His
chai ns ( seeasis pesalectbd Sming tacia.! It oligdAlQedtiddsabligned\e8 showSRi ﬁgulé%% wDused &Ztgacﬁg
(1988) ), 2msoligenutieotidés biaFiges 5api1eouliz8sx J0gsh =as.8Fabi0” axfeat Eptider SqadtdsbEM Yoe
nol ecul es. temergteghr ef erred enbodi nent, the single domains encoding VH and VL
are each attached to the 3 end of 20 a sequence encoding a signal

sequence, sMedel®s the onmpA, phoA or pel B signal sequence (Lei, S.P. et al.,
J. Bacteriol. 169: 4379 (1987)). These gene fusions are assenbled in a

di ci stroffc Jm‘t’#‘ @fﬂm%erﬂﬁ%ngtb vvaaﬁn pltheRyypelecyleca differant eombingiiph of windows s,

and secr et effef:nthg AR ef°'o D'ﬁ Figyre| 3bjModels .l and; the Hisewiadow
and can be 'S‘G‘ffﬁé rdg‘ﬁ" %I F@éF 'g% "g 19, used willy a agw windgw i whigh Serdy yalkpd
273-278 (19 g&ﬂm l‘rﬁ@';ﬁ PQIAign SEHA LD %J‘i°“bé"‘%ﬁ“d‘!§rﬁ°@ﬂﬂ“gf vealkiihreugh spytagpriess is
wild-t rasde nlzed
VL to %’5” hgd'ne r;gtl%sng %E ﬁ%ox&!%?gg grid d,nz%ip rat he Qﬁ r@?%etlg/ alqusstllH%conb t‘tgf\?]can
mut ants. Scteeni ng o?ﬁ ese variants for a |ss?‘1 one%f a proteolytic .

function cagedapyacconpli shed in an as say as descri bed below for the HYV

protease varirants (see also Exanple 4). Note also that since the catalytic

triad of sAsp- il &6 erkldgiments plRM Wit dAl dxisig Clltaiyc ity "B SIRA 15 orfatd £ bt

| i pases, vanéchtrisin oicallysis. e plottas, teQipediRity aHdBPadiéity GERE brRE may disdRESRY. Trb
In a secondHiMpebdassines iaciel boargsrBicHoE matageRbsis) TheDAIV (pRASs is fan tabRrtidoRtealDaha FV
structure, baspnifspIieiGC segericotypldsl dEREartic Pﬂr@ea&&rwﬁiﬂﬂ dohiiis a o%ﬁ&irv&!éms ﬂﬁ’(seﬂ-Gly
CDRL As p“anchsr-ThiaGlp g ngherfcp ortherprotedse Vag saipciod as e taggetior mdﬁgannsisauamtgrotmenutagenesns

i nt er changeXs|'epepiad thrae difereptimenaitik thrdernmsgiprteciaminet acids, AsiHinuand S8 JThis Rproatithis

H s wal k-t HP f) teyresulfin theyoanversion; of; aacasparic] REQiase isty a 9tingl pretepse endseattriation of the

hi stidi ne cB "h?f getplysis: DRdditin. mutats of dheiHIY aspartia protease witl pitoradcactiyity, seagifieity, or

Fi gure 4a i3 %’? §"'§"h?f tﬁéﬁ'ﬁ@’??ﬁp a'ﬁﬁ'f"scedure Note that in this and

ot her ex rrpl e 'g”r" g '§ f° Fﬁ’f‘l Bﬁﬁ'?é%' aa? @“ﬁ?’é‘??:ﬁfe’ats%‘lﬁ'eﬂt'é'rwa!kﬁ'é!°‘@ﬂse
V\her e 40 a Hro g:e im | IO s I % os an t% éld% o gllsrﬂ?e %berp e
are I ntr Od lﬂ\%%g e SQCOH% OSIE?' ;%Ee t | 'q

the second
g‘} é%\ he Hls walk
i u The uence,
i |1 ustrafesy Qn bs Nl % .d
the sequencfutaonddidprotded Wi g'éﬁer +eﬁtdé |t ﬁn
the wild typersamsgsiess atisredsidonbr Hid Hﬁfiﬁdtéa!s@'ala%d H&&n&ﬂ&éd %Je@&i%é‘d%
nucl eot i de BSAANEACEIE pRERIdIANIEA bRFbssiON b hel W Sretes,l:b‘? oA [aff Mkudilidtherbm q&beébféﬁs
woul d be 43.mrebdl)Pad. NatinAsad OSH. USAEB0I B (§888)). 1P phet0s, fiRCHrotbddd henbABqUeRGSS b in 2
st op coden.fratemd ihe Atand b deqiches eitdding thel paIBLIdHS: sERBAte ORPocRicQFbYS; Qo that thdpratbase Of
[err] sequencds sabreteth it theaperiplashile spacd 96 E6EE. XhedEonstrudt i ldeXighear do] thati thd Radsnt
protei n sepaayenesis ghpuddnandathe i ngfurally oeautring rNsYeminal Genuarice tdh aise po@EgsCE OgeReratbd. |
encode t he Seametignyf the HNxotedse wilbéacilitaie iassdyingrant iperificatipe ofwarianta lgbrerated iy orutagenkiss. €
that once a series of cassettes for a nunber of regions is designed, the
series may be used in so any pernutationgdesired. For exanple, degenerate
ol i gonucl eoti des may be designed for the CDRs, and these may be used
together in any conbination of regions and chains desired, as well as in
different structures (e.g., single VL or VH chains, Fv nolecules, single
chain anti bodies, full-size antibodies or

frequency %Jo Qltea ebPJ%ﬁodﬂ%



chinmeric antibodies). 55 Model IIl In another approach to the design of a
serine protease, only the heavy chii §s9 adasy [€rr] nolecule is used.
Monoreric VH domai ns, known as single domain antibodies, wth good
antigen-binding affinities have 12 EP 0 527 809 Bl been prepared (Ward,
E.S. et al. ThilatroplemeBrid theSviedpidbe EHoWE t) RigureTwed, symhasizét bt a\dartiailyoMpl6idhtary
provi de a oligonclectidd wee alsonsyiikesizad. dheda ofigohdcipetities k® .designed tohllaw prodledion of\S BoubRs
sel'ect ed Fiandegd-se@BiRde Wil cpnvenioBtalhol (GTEGAG) any IBSEEDRACENACCHestrittion sitdsl (GioBBned)
(Fi gur e 3iynking\ihgiagfive silquyvinsiow (Nete thet th eamploment.of the edtivelsite sindorenoneiing dlesmanch e i n
Model 15 c&¥ntheeizadeThvadhy mucigetide seqgence forl theiwild type fpn the aglive siteoimsiow R-AGE AGT GTC-
wal k-t hr odyFovh b%l°"b'6|*'19|°8’ﬁp'®'f'°"‘(/ﬂ55 GASHET GgT; - Qoﬁﬂ@tt%wic'dwetfen@pﬂbrﬁg) t he

wi ndows shown in Figures 3a, 3b and Figure 5a and degenerate

ol i gonucl eoti des conpl enentary to these wi ndows have been nade.

Furt her1rmre usi ng conpl ementary ol igonucleotides, in ad@ti%$h t& the
degenerate oligonucleotides and their conplenents, a fuldr | gt fgdoubl e-

stranded VH geve. vl d h S I ne vari ants have
been cloned into the’r ﬁ??ﬁcgé%%"%g Eg ST? igr&b'\%% %ﬁ: Cc AT 1 he pel B
| eader sequence for secretion. These exper| rrents are descmInpdw-n Exanpl e
1. Synthesis of these oligonucleotides and incorporation into the VH gene
as described, 4 p nations, can theoretically generate 112
X [err] x 40969‘\:% ?4594 ‘9&[5 Hf éﬁmt AENTTReAFLIACEGATNTIT. GATe GGF + he
length of the region targeted in VH CDR2, a |arge ngEbanaofcpsardgats are
gener ated; however, a large 15 proportion of the variants wll ™Mave the
pregel ected anino acids. As an alternative to usi ng the VH CDR2 w ndow
shown in Fi gur*GL£AG T i%er W ndow enconpassing a di fferent portion of VH
CDR2 was desi Tl 416 e POS - cA® &6t SgrENdew c‘i‘? IA%I N <RO ,tions in the
region were selected (see Model VI below for further expl natlon) and

subj ected to wal k-through mutagenesis using H's as the presel ected anino
acid. P oli ng% HLR?PI@!?PW@%G@@@M}%@N&QM%N 3 Feagtiogysieg B Kienew fragment of INFad
of the 20"?5‘( F? "‘3@( oligopycleptidepgpneratas) thg cemplerpant of gagh pf
different™ !r% he Eiib gﬁf’ Wit BRUE! 4ng X0l and the produsts wersy

nmbod cbfronhtha 7I1b ,e@ﬁ{oelutlon This
com 'n”e”f’ f* yf“‘ '"z‘:;tié:zo 25 ..fc? sl
CDRL ( ngfo b <p N o ftV'"dg &g 35'5'19 f or

d bou co ne
CDR3 (F |gurqh §o| ﬁ:ka?a E I’Anl‘ Sailin
wal ked t hrsgitat do ﬁie@%@o éaeﬁJE‘ f& pro% 911 th t% (%?ates
50- 60. Thicntaitib - et for mu&caamea%rassioﬁ ants okt B3 LA wdeF'éw in 8 a
Synt hess Sprotbash REERatOkd GRS A BIdnibRS4. M s 2GR AR &@reie@ Bte it

itfe
al | . possi faldegraduth ¢iake @Bﬁraﬁ&rﬂthﬁ@ﬂ@r(aé Ldr} kdkpXa 2603 @t SeakiP aga%st% dpa &f r ]
di f f er ent bapiejedundl 6f theplate.rBoEuse b Uitdtype HID protease|dBesidOEHOR ractﬁﬂlﬁ@ie%é%@ {duB to its
prot ei n wsubktratenspexificity)l moveL adtigitiost ¢an IwC Histnbdighed JroM| the lofiginal QctiUiG) PreliinPard data
di fi{ er ent indigate that itrensfopiantsartith hgvsl sgtivity tentba germrataticy She debeibaymeedurei t y and/ or
activi ¥ of Thdeovelyarians ganeyates| com bascraenaeidurthihier adhiisitfon ot £ diteentmschadisng oft aetbnas
an enzymabyf differertield ivith prdieasq-intibitorsy tFom example, serinen proteases @repinitiled b PMSHE has

an Asp-Th heev °@@€1{I@wb duoride); BER (djsoreepylehosnhefiugiidtol 6K (Witicerodoiosiamide)-7-
conser ved® ‘!9@1" dreghlorideh Fransforraants which qgepgrate ¢ dalg jon evlate¥ san be graivn jn IRNBO J.
4: 1267- 1 fF’B‘r hs\/aq"w"?smaa a558)0d b thespresencenel the appsgpriaty rinhitftyrs.
sequenése e} B’e E‘Eee’i‘!°t%"§° iphipitgr @3 cormnared 49, aciivtyrja dhecabsence of

Vial k- t hr offh *HF'S enera %ﬂyt f?ug‘sd'r' foped P’P?‘*FﬁéscvaWVI't%mPﬂ\a@
presel ept 'Qu&Qd % asé ch sm oracom mg ageﬂ Ee url var, 68
result ineghg§s \é ra%{eﬁ pr ot eas P & "aosR KAieR ?%t BIE and
an altgyation o e machamsm caay5|s I n addition, nmutants of the

HI V asparfibder \r ot ease with altered activity, specificity, or an altered
mechani smof "Cat al ysis are expected. altered 45 Figure 7 shows the

three resi dwasis GrhbodimeaiOWalk-Brobgh mltigBhed’ oPva ol df Uik CHAS @ffthet MERCERGT WRRbhids

wal k-t hr opegibrmpd, 0 dAspe HisVaird S&S Bre thb SpredBiettede bmind\tacitid) in f thik ShodBIO Sivdik-Ridugnthi Ch
I S an #spnutgphadisas capiel putHiom tao 6 thes titisscwithal difRebdCHsIno adld ik b@w&d’\ﬁgnérﬁdﬂﬂbtﬂﬂmg
posi t i onsFor Azgmplel-HiSer, andrills &e rsequestiatyaeidilkeld:tiirsughl WC €3DR1 NEipwe BR)AEnd Asptdne seeearend
posi ti on sefluentiplly welkadrtiaiough ANCRAINFigure thle Vb €3DBR2 Ovap @6t thrigated ©f miutagenbdis betamedon,
the Ar ecﬂ;mq:t@'gl stugies indicatgdghapthislcegion contributes little to the binding site in MCPC 603.
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t hrough has al ready been introduced in the Asp wal k-through (Figure 7). The
sequence of the m xed probe 50 whi cgplorgél,%§§§1324 di fferent sequences and
t he encoded am no acids are also showa In Figure 7. This mutagenesis
protocol will generate 324 different peptide sequenc_es in the active site
Wi ndow. For it GOIRE roe the /Haohaln 66l BS A$podid Gifs dkdWealkelll thrdagio (FRa®Bc). Péraambalintddb&d S
was const r uat twecpositiond @4sCDR1beM a singlexbasgdhengs .(Figune 8c, pdshisnsi 32 and 83). 16l VH @DR2, His and
expiessi on e atehie pribselegiedérains acids rueath (Bigure BdjLand Inl VH CRRS, pspo HBtasd S¢rches daolewalked
H A. et al .throfghdie antiget terminaldivel posBons.of CORS Eigure B4). ( 1983) ). | n pRB505, the
pr ot ease sgeneFyiermerecio this; embpgiment net gbamiror agide it givdnaedion asujutadenizeds elthowsh dhey
encodi ng t H® |°B\t4"e§1999f°sg@ prbAmiac @pid (98 deqyild fypey tasidues don pxampienie Figurst 8dysely
can be secrRopM SFPrt56 ﬁsh@ e P a*&&*ﬁgeng iy, ingFiguas| 8a-d, itrgan be spp8 tthat ene of more
desi gned sdei"%‘f Proregion, lgagen'eé'a%@"sa'fep%%e%mm'w m@e%eanrbpn
i

N-t er mi nal it 's 'h'ieé' fues d.tp Lrejop illret paficinage\jn the
pr ot ease’wi %}g@&'gﬂ" °’£h¥f" gsf vari nts enera
cteda oacu mac | @j@ sq
| I

nmut agenesi s 7pre able o rg‘
in Figure 7, iascay %&&gmo &q ok c%s? ﬁ?&hu Se
was al so syég Q,@ﬁb ng% EHE cB 3?{? erly. _
producti gn 'ﬁl nfodeliRy b F chL 6% tfor Hon Qfﬁg&@
Bst El | ( GGTNARGis 28, tkﬁévﬁitétr%rﬁ I..ﬁo?,ﬁ é.aws r}&hé RGioRGhdt ¥ay Bd a&e

w ndow. ( NognBugh h@tpeﬁ'rhehyﬂreégh BRR@RY b eeﬁ aﬁé bﬁﬂ%e?'éseﬂeWaQ arige P Hsiabes to be
sequence waautfgeﬁwat RébSitsZét G, hébb mmﬁbchﬁguwazk aégelcdlﬂaoﬁ%ﬁﬁ&tufng of thélcnm (Rébetty, pe

G C Cforlrﬂltagenesis.

TT CG (GA b'the riaagefsisUs CarbdGAGas\EHSST addlihe AoHONAEE rah@itAGImKGHEA- then 17,280 x

- - - W NDOW -27;8%8 xCA32 x 234X 77X6E 5.9% (0 diffefent floh@le sPqi@nceACD ba@ener@®NT TTT GAT
GGI- 3'-TA AAA CTA CCA AAC CAG TGG - 3' TTG GIC ACC TGC GAC GGT GIC TCA

CTA AAC & Mpdebd The ol i gonucl eoti des vvere anneal ed and extended in a
reaction usin the KI enow fra‘grrent of DNA pol ynerase. Extension of the
short conpl e (99?"8'?—9" H‘@r QP’@@"?WSG P ipeteateyplusiest of GRIVE he
vari ant ol i L, Putagefe tdéﬂg f°n°’§§°c E£nqvelpinging

Xhol and,_t HEX m[Eij g"‘%&%?"‘s ﬁg‘fe '& °£§"?d %%T Sﬁ%’l(eg e1h8 1'lép
fﬁgdagglsvge%a %eﬁ: Qi  4holblee l.,% ‘-’b...ﬁ%*’ i gt A Rl Ul
sites of 30 Qénboﬁiﬂﬂnttt\b@hl Ter Qiy?oéﬂb Fla%:d a?e nht%&c%&' st ¢ Bﬁsoof ficee gs.
TGl/ pACYCl?Iiox{/EJnEJes SIHich! &e ors F e LMY df ToRBSTEAREETB! sha Wich dtaReS th eO(g(ldLT%
anp pl at &s, cleavdgde ¥ RLsle Bon@® 1 ehtackidld Corftd HPduR® iron HR heif QLRI it SYEIr&scoticd AR and
using the p-RY eASEICGRHHFEIRICHED R RS I60 it WROackivd $mS JNTNe Ridttyge ¥y Q'Hohddrby two
resi stant apbsrs ang wsRisedisecreg®eed for proteol ytic activity qby replica
plating onto The Histiing windds dasigied Jor MBFCAE08i (508 edy., FguleFSECYIl ODRI; IF3e t4a. OVH GDR3;
exp{essi on,andfigureish,\aH CDR2Y cani hekuspad wdtfodics Histidie rEsiduBgin®d ohé orafioré daaidrod MERS €
substr ate 293 desiditierblwindons Eanchepibsignédd. Similathy) the oss @ anore CORsaf MOPC B3 e b6 Rigewd
prot eol yt i dorawalictirpugp rutageriesig wit tyrhsine-dising ithese crsseltére vasianis withe2 bistidine tahd2 piresine
(e.g., dry resiqurs in ajargepsuetnef cembirations gndiip ditierens regipns eantbetpteducsgaque backgr ound
of the pl at e. ThBER.vayjanis ¢an be rpaspq) foragauisfion op meialhinding er premple.Rogls glceeloips gan bp
t he assa%g 3 a pprilasnyp &pqtign ean bp @Loparpc: [The proteifg,ip @ theperinlagmic; fragtiop gt given pool
di sti ngu sH’é‘Ei b? PB ¢ %@ ‘ﬂrﬂp P afe s%argm é;:' [op é% ga o PR 0 Fed n}fﬂ&g&gwnﬁﬂpﬁggﬂﬁgg

t ransf or ma

pr ocedur e. Tﬁ'm "°m?ﬂ ?'"9'3*}"1' ﬂt"éetabgﬂ‘ﬂ'?galpg’és Nor | ° didech ¥ dp Rrefesaapoated,

acqui it i ot 0 "‘“’@‘l szggh%nasss e A5 oo SEE Do B g
Wi th profeasg it ordih hd s.m Eﬁ
PN (phenifa‘ffﬁ% prx.tﬁy% JJQJ. i e, ﬂ.&@&.ﬁ@@ﬂ %spghgf lap.tag

TLCK (L- 1- qhdiésQan be &e rﬁﬁU @}Br thh radiolabeled metal ions.

ani no- 2- hept aBéNeRtAYS! ORI Bindr§ In the M Thék B8 Sroviddl £ MedEBIRIrR e for RAaRiyRIVH
pl at es can cagn. Fréitlioh Bf FJ Fdk thesEsbinponom thaifséduRCISw brih@ohéle of stkdiydis MfodaRd bipe
assayed dsn ohélehapiy T6-cRr Bidinigvethe psr@Rdin. at € | nhi bitors. 45 Reduced activity
I n the presenthe pidserd insantion 1€ fupthed illaskated inrthd fblioving exampe@npared to activity in
t he absence of such an inhibitor will be indicative that a vari ant
functions with a serine protease catalytic mechanism Among the variants
generated by the wal k-through nmut agenesi s procedure will be variants with
altered : 15



activity, altered specificity, a serine protease nechani smor a conbination
of these features. These variant %W?msfﬁrther characterized using known
techni ques. 50 Mbdel VI In this enbodi nment, wal k-through nmutagenesi s of
five out of six CDRs of the MCPC 603 Fv nolecule is performed, and Asp, His
and Ser axamplehle presel ected am no acids. In this nodel, "wal k-through” 55
mut agenesis i's carried out fromtwo to three times with a different amino
ac( d i n Gormgireation of eyHOMariapt domai n. For exanple, Ser and His are sequentially
wal ked-t hrough VL CDR1 (Figure 8a), and Asp and Ser are sequentially

val kecs t Riigpnereotide SYMRBis( Fi gure 8b). VL CDR2 was not targeted for

nmut agenesi s because structural studies indicated that this re |on

contri but es-gvpropthy Rhgsphoramigites ang °'¥'P?’e*“P?P“l\f§|3@ Ripmns I‘@’e purgbgs
In CDRL iosysipasjpe- &fosterCity; G, Anhy °“sA@° fooltig wap purhaged foy 2}5

8¢c) . Ser n?;a‘HSﬁta ligereleptidas w tﬂ u;{%c (gple
R % %er

remo ation ,n nce
are eaChoI\g% ee?e hroi:h elaaro treﬁnplﬂ ng,'fggzcécﬂ d Ie'dgrpre
8€). 5 o apirofiria ,ﬁnflg St g a amno acids In a given
regiongare tagenl ze ﬂou h they o not cont ain the presel ected am no
acid as nWidofibiel Y PE resi due. For exanple, in Figure 8d, only positions

50, 52, 56,58 and 60 are nutagenized. Simlarly, in Figures 8a-d, it can
be seen t haj ofBE100onsEIEhd TR vANERS ddsbribedith MEEH QK thelf6lioRing oRgohuR@otities esll their
I\/Ut agenesorfipléMentsO@IBE Showdy Oreking €16 | IGHAES froth 13058 kasds OwEre ieighad aad depithesiaddl es i f

i S 24N awddribeds Codbn @iliatichowas gd)Estl to teht the ebétdrbduentlyisal B Soli caddnse regi on wil |
not participate in the io desired function. In addition, the nunber of
vari ant s Aga910822/9m9378 m zed. For exanple, in the case of a serine protease, a

design factor is the distance between the the preselected amno acids. In
order t o5t AAGAAT E6E ATG GAA GTT AAY CTEITAGAGI-Blues nust be able to hydrogen bond
with #he another. This consideration can inpose a proximty constraint on
the variants generated Thus, only certain positions wthin the CDRs may
permit the anPho AECJ&CES AGhe CI& AAQ iCAG rTTH AAC i TRGrGXT @EOPETTY. 15
Thus, nol ecul ar gggdeki-ng or other structural information can be used to
enrlch for functional variants. In this case, known structural information
was uséd to |dent|fy residues in the regions that nmay be cl ose enough to
perm t h%& Qﬁ ing between Asp, H's and Ser, as well as the range of
resi dues 17 mutageni zed. Roberts et al. have i dentified regi ons of close
contact between portions of the CDRs (Roberts, V.A et al., Proc. Natl.

ad. S USA 875 662¢T6@2% L3O f Qith data
from fahe X- structure O%@!&g%ﬁ&ﬁ%ﬁ@%ﬁﬁ%ﬁ proni si ng
areas of close coﬁ%gct anong the CDRs targeted for nutagenesis. If the

nmut agensis is carried out as illustrated and the regions are randomy

coQbj ned, then 17,280 x 27,648 x 432 x 2304 x 7776 = 5.2 x [err] different
pepti de sequences can be generated. 25 Mddel VII In each of the

enbodi nents deséf rb&GAalSdEe AGRIICATCIGEN FTdG AtsicpedcTe TLeatgccl usters of
catalyt- ically agktgvesresidues. In the enbodi nent of Mddel VII,

mut agenesis i s designed to create a novel binding function. In this

enbodi ment, residues inplicated in the binding or chelating of a co-factor
(e.g.,®Fe + + %%30 are introduced into regions of a nolecule, in this
case McPEBWS7ORMI7enzymes use netal ions as cofactors, so it is desirable
to genera Ab ' St step towards engineering such
enzynmes. 3 %‘j i% Odl Tsé%ﬁgagdg e and two tyrosine residues are

i ntrody ced |nto the oxygenases whi ch are nmenbers of

t he class of oxidoreductases, and which catalyze the oxidative 35 cleavage
of doubl e bonds in catachols contain a bound iron at their active sites.
Spectroscopic analysis and X-ray crystall ography indicate that the ferric
ion at the active site of the dioxygenases is bound by two tyrosine and two
hi sti cdsne residues. The histidine wndows designed for MCPC 603 (see e.g.,
Figure 3c, VL CDR2; Figure 4a, VH CDR3; and Figure 5a, VH CDR2) can be used
to introduce histidine residues into one or nore domains of MCPC 40 603 or
addi ti onal w ndows can be designed. Simlarly, the one or nore CDRs of MCPC
603 can be targeted

16



for wal k-through nutagenesis with tyrosine. Using these cassettes, variants
wth 2 histidine and 2 tyrosine reg cbu&zgo?_ gi | arge variety of conbinations
and in different regi ons can be produce hese variants can be screened
for acquisition of netal binding. For exanple, pools of colonies can be
grown and gy T@qm,@}g@@%c fraction can be prepared. The proteins in a the
peri plasm c-fractioh of a given pool 45 can be | abeled with an appropriate
rawactlve netal ion (e.g., [err] an t gg nce of a nmetal binding
vartant can be determ ned using high s geI filtration. The
presences of radi odct4AGE YITG TG GAOtTTG TAacAIanGhsormgeIGTfAi ICGTat i on i s
indicative of netal bjnding. Pools can be subdivided and the process
repeated until a mutant 1s isolated. Alternatively, a nitrocellulose filter
assay can be used. Colonies of a strain which secretes the mutant 50
proteins and which allows the proteins to | eak i n0 tRhggredigume@an be grown
on nitroeellulose filters. The nutant Erotei ns | eaking fromthe col onies
can bind to the nitr et ¢$BsECENATENACHr BAENEEAICT G CAT IRTIiGH: pr ot ei ns
can be ascertai ned hyreroptng with radiol abel ed netal ions. Generation of a
metal binding in the VL chain could provide a netal binding site for a
catalytic VH chain. Production of Fv fromthese conponent chains coul d

al | ow enfange ) m,éqf)aaqat al ysis nmediated by 55 one chain by co-factor
binding in h&~8Ther ~chai n. The present invention is further illustrated in
the follow ng exanples. 15 EP 0 527 809 Bl Exanple 1 Construction of a
VH Variant 5 O igonugRotdate qdhtdwesicet e6f¢- exen@e&hxhcpbeipb@&am dites
and pol yger support (CPQ_ colums were purchased form Applied Biosystens,

I nc\-/( Foster Gity, C - A’nhydr ous acetonitrile was purchased form Burdick
and Jackson (Part no. 015-4). digonucleotides were synthesized on an

Appl i ed Bi osystens Moddel 392 using prograns 10 provided by the

manuf act ur eg- §15i AUGRGCTNAGE TG@GATICCA CREGREIACGAITEE Res., 12: 4539 (1984)). On
conpletien of the synthesis, the oligonucleotide was freed fromthe support
and t he pr or/figt088P1838Anoet hyI groups were renoved by incubation in
concentrated [err]. Follow ng el ectrophoresis on a 10% pol yacryl am de gel,
ol i gomers were excised fromthegel ¢ el Q,ct-lr qel utged, gurigiedcon €48
columms, freeze drled and dissolved in t riate buffe final
concentration of 31-LCETr PG Aafs GYT (ﬂ’é‘bt"lp‘g%s&f% LRI A?o{ﬁgnggsuct t he
VH vari ant described in Mdel 111, the foll ow ng ol igonucleotides and their
conpl ements (al so r angi | ength from 30-54 bases were designed
and synt hesi zed as%gom@&es bed;q“ éo]\don utilization was adjusted to refl ect
the nost frequent| BOISACIEGCEDIAAALCHINSCCN a3’ 910372/ 910373 5' - AAG AAT TCC
ATG GAA &T AAA CTG GTA GAG -3' 25 5'- ACC ACC AGA CTC TAC CAG TTT AAC TTC
CAT GGA ATT- CTT- 3" 30 B/ b: 910374/910375 35 5 - JCT_. . GGTI GGT
GGT CIG GTA CAG CCG GGT GoAC10E &% B 4865 T6AGACCAGCACESCAG Gaa
TCC ACC CGG CTG FACdAGcACAcS add T T: ARG08CA/ RE63GCTSETACBTCCAGTFCT TGC
GCTS&CC'I;QAGGTTTC-? 5'- AGA GAA GGT GAA ACC TGA GGT AGC GCA - 3"

TG GAG G 1I6G
AGT ATA CTT GTT ACC TTT -3’

585

17



50 55 16

EP 0 527 809 Bl D/d: 910378/910379 GA G
TCT GAC TTC TAC ATG GAG TGG GTA

ClEp o §2f800 B

GGG CTG ACG TAC CCA CTC CAT GITA GAA- GIC -3
CCGGGTAAACGTCTCGAGTGGATCGCAGCT 20

T

910384/ 10385 5' -

3" 5'- ATT CAT
H h: 910386/ 91
TAC 3 1020 5' -

25

30

35

40

50

56

5557 ATE ERY

TR AT LACTIN

ATC
15 El e:

GAT

AGC-

T 5
C TC 10 5'
910380/ 910381 5'- CCC
3 5.
910382/ 910383 CA C
TC CA 30 5' - CGT AAC AAA GGT AAC AAG TAT ACT ACT GAA TAC
CA CA €:C @4cCrrcTGhICkE

5' - GAT _GAA ACG ACC TIT

AST ATA CTTAETPTRCCHTT -3' 45 50 55 17

-ACC TTC
- ACC CGG

GIT ACG

ot 5%

EP 0 527 809 Bl G g

CTC

TG TG
GAG

TTC ATC GIT TCT CGI' GAC ACT AGI CAA TCG ATC CTG TAC CTG

H/h: 910386/910387

G GAT CGA TTG ACT AGT GTC-
KPE RAA E&AF BAT @SA TG QT QT ACTCECT ATC-
CGACGCAGET AAGTA 3GAT AGC GGT GTC TTC AGC ACG CAA- TGC-

ACG AGA AAC- 3' 10

3!

5'- CAG ATG AAT GCA TTG CGT GCT GAA GAC ACC GCT ATC-

5’-CGC GCA GTA GTA GAT AGC GGT GTC TTC AGC ACG CAA-

TAC- 3’

TGC- 3

I/i: 910388/910389 OR 9104103/9104104

5'-TAC TGC GCG CGT AAC TAC TAT GGC AGC ACT TGG TAC-

5 ’

cC TC TC

G C c

TTC GAC GTT TGG -3°'

-ACC TGC ACC CCA AAC GTC GAA GTA CCA AGT GCT GCC

G G c
ATA GTA GTT-3'

GA GA G

18
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25 | A 910388/910389 OR 9104103/9104104 G C C A G C C30
5'-TAC TGC GCG CGI' AAC TAC TAT GGCEQ@%ZQ\%QEQG TAC- C TC TC 35 TTC
GAC GIT TG -3" GA A G G G T 40 5'-ACC TGC ACC
CCA AAC GIC GAA GTA CCA AGT GCT GCC G G C ATA GIA GIT-3" 45 50 55 18
EP O 527 8991830819391 910390/ 910391 5' - GGI GCA GGT ACC AAC GIT ACC GIT TCT

TGA TAG CAG GTA AGC TTA A -3" 5'-TTA AGC TTA CCT GCT ATC AAG AAA CGG TAA

CGG_TIGG 10 T -3 15 Gwme Assenbly These pairs of

ol i gonucl eoti deg'cagghe gaas i nt Gk £ I _A

0 ¢ S e cta %'EEJ ¢d e %T‘i"‘p&%‘%ﬁslﬂ% 12& d'r.?&bem’c

d e f GTA AGC TTA | -3' | j 25 Pairs DId, F/f, and I/i

ar e degenerat e and conpl enent ary oI i gonucl eot i des enconpassi ng t he
"w ndows" depi ched ttn FIG % ure 5a, and Figure 3b, respectively.
The design of t “Otftef IlTéén GTe Tde“sTW%lﬁﬁ“l %56 FAMACEeTEFi bed by
Pl uckt h{fh et al., @nd3included the introduction of a series of restriction
sites 30 (EcoR, Ncol, BamH , Saul, Xnmal, Xhol, Nhel, Accl, Haell, Spel,
Clal, Pstl, Nsil, BssH I, Kpnl, and H ndl Il useful for further
mani pul ati ons (see Pluckthun, A et al., Cold Spring Harbor Synp Quant
Biol, Vegi. Gg,,uAsse;,{g@ 112 (1987)) For gene assenbly (Al varado-Urbina, G et
al ., Biochem "Cél'l".” Biol. 64: 548-555 (1986)), eighteen of the
ol i gonucl eot iTAkRS péifld-of oligbhutidotinéican P 1ssembiid)interh UH gérelad geplcfediownuc! eot i de
ki nase. Each of ten conplenentary pairs was anneal ed separately. The
anneal ed pairs wene th%n m d arbd |Ig@t ed ogew o"?e u5| ng T4 DNA
| i gase. 20The product is shovvn schematical ly bel o | NEol
H ndl Il 40 CDR1L a2 e o ( CDR3 45 The _synt hetic gene
was designed to contain restriction sites for cloning. Follow ng |igation,
the fully assenblléd@ ndDl €Cul&s Were tlTavedwt ircol—=amd +rndl +7—gel
purified, and insérted bi nt o Svect ¢ PRE500 (Bee Exanplke 2) &t thejNcol and
Hi ndl | | 2%| tes About 1500 tranformants above the backgr ound wer e obt ai ned
on LB anmp ? Th {Jégrsuletl constr cts shOl lcczntsal nn;he gene.
. pass 0
\é‘i“ ants f epicted in F'gure a, Flgﬁge a, anﬁ 9?5 resp ﬁ|\%|Iy %#;BE ?s?gr%eof the other ol%%rlggeogtgz; &9
similar to that described by Pluckthun et al., and included the introduction of a series of restriction sites
30 (EcoRl, Ncol, BamHl, Saul Xmal, Xhol, Nhel Accl, Haell, Spel, Clal Pstl, Nsil, BssHII, Kpnl and Hindlll

eighteen of the ohgonucleotudes (B-1, b-i) were phosphorylated usmg T4 polynucleotlde kmase Each of ten
complementary pairs was annsaled separately. The annealed pairs were then mixed and ligated together
35 using T4 DNA ligase. The product is shown schematically below:

EcoRI Ncol HindIXI

CDR1 CDR2 CDR3

The synthetic gene was designed to contain restriction sites for cloning. Following ligation, the fully
assembled molecules were cleaved with Ncol and Hindlil, gel purified, and inserted into vector pRB500 (see
Example 2) at the Ncol and Hindlll sites. "About 1500 tranformants above the background were obtained on

LB amp plates. The resultmg constructs should contain the VH gene variants fused in frame to the pelB
s0 signal peptide.
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Exanpl e 2 Construction of pRB5G5 5 Construction of pRB500 Two
conpl ement ary ol i gonucl eoti des whigplp £90¢ggB9r t he pel B | eader sequence

(Lei, S.P. et al.,J. Bacteriol. 169: 4379 (1987)) were chemcally

synt hesi zed. The ol i gonucl eoti des, which were designed to have 5 and 3
over hangsBewopipRenentary to Ncol and Pst | sites, were hybridized and cl oned
into the Pstl 10 and Ncol sites of vector pKK233.2 (Pharmacia). The

ol i\gonuc| eenstiugtios ohpRBSHown bel ow. 5' - C ATG AAA TAC CTA TTG CCT ACG GCA GCC
CCT GCA- 3'- TIT ATG GAT AAC GGA TCGC CGI CGG CGA CGTI TTG TTA TTA
GCT GCe CPoastoclion@tpRBESG GCG AAT TCC- AAC AAT AAT CGA CGG GIT GGT CGGTAC
CGC TTA AGG_20 CTG CA- 3’ G 5' 25 The resul t| n%BI asm d ePRBSOO has an

i nduci bl e_t t‘f° ﬁf °§F’V W'E"H\gcom et al .
e R e R R T

be secrete otea reglons of an
anti body, may be inserted. (The Ncol S|te I|gated to the 5 overhang of the

fragment is nots30 ¢r n t u 0 pr ot ease
gene was obt ai ns:ad f(r:ogn'gg Rég I?ﬁ z:gﬂ EEE %tcl'r 3’8&413%% Iﬂﬁﬁe gene can
be 35 ,excised fromthis PrAsATE ﬁéTaANSnﬁlGIAI TIE@OHG'lbrCGﬂ rala |cEanH
fragment. However, the H ndl II site in the HV protease cannot be directly
cloned in frang ,t(? Ee ge B | eader sequence present in plasmd pRBSOO
Therefore, a dob 21 ERBeGCEI FEONGARCECAIETG HIS GREs AMSsiTHfed so t hat
the am no termast A&ThAali aeaoteGheThl ¥onr ¢lctrIa cc NG HREQULNCE coul d be
jOl\ggdzd n frane to the coding sequence of theé pélrB Teader peptide in

5. The foll owi ng sequence was synt hesized: 40 Met Ala Pro An lle
Thr 5 - AG CIT X% 8463 BCG CCG CAA ATC ACT CT- 3' 45 3
-A CGG TAC L 5G6C GIT TAG TG -5 Ncol This linker has a 5'-
Hi ndl | I over hang and 3' Dralll over hang The ol i gonucl eoti de was cl oned

into tFe uni ue 50 ndl | dDra S|teS|n H V. Teresutlth%

| asmi d 4, prsgll e o‘i“
Vect or 'ajg i F‘h R e b O ﬁeg A ff n acwe' efgthe

UcC

sequence &% '°h %gg gf’g‘ﬁ‘%t f Sied ase
gene wgs g é?a Praghent a was C one into

t he uni que and EcoRI S|tes of pRBSOO In t he f| nal construct, the HV
protease gehshudidar piibsbs ame to the pel B | eader sequence, and expression is
driven by theTirnducible tac pronoter. It is expected that the |eader 20

EP 0 527 80$hSvRRRdabelgene wid bttaidel @om UETERHIY sSeckitn Ddafiog # 26 RABIVEIR yehtd Sanasad
Pro (resiékdiesd fbmahid pﬁsn%gl 8y & Hin@ili-E¢dRE or HindI SEREIHE fidgfhent! n:t&%%a.ynegmmr Silolin e AV

N-t er mi naprotpdse|canhét bel diects cloredtif dramé halthk \opiB IBider Sq0énea prRsentinapEsT®l PRBSO0.

Wl k- Thr oTiglefold, b algefecstriaied bligomeleblldy lieowasadeeignad tsb et the tieind\tettaigzt methiahite of

ol i gonucl teeHiprotesse chdigg saqsentd coulsipp- Bined: it frama dé theecoding sequanse dtbe pdlB ldadle HI V
prat ease reptidedesREHS Thatibwing seduense assisynifibsizd:ol | gonucl eoti de has a sequence
conpl ement aMpt AlgProt@n llesthown in Figure 7. 10 G TC G

5'- AG CTT GCC ATG GCG CCG CAA ATC ACT CT- 3°
45 3 -A CGG_TAC _CGC GGC GTT TAG TG -5°

This linker has a 5'- Hmdlll overhang and 3' Dralll overhang. The oligonucleotide was cloned into the unique

50 Hindlll and Dralll sites in pUC18 HIV. The resultlng plasmid is called pRB503. The linker introduces an Ncol
site into the vector at the initiator methionine of the HIV protease and reconstructs the sequence as found in
pUC18.HIV,

unique Ncol and EcoRl sites of pRB500. In the final construct, the HIV protease is fused in frame to the
pelB leader - sequence, , and expression is driven by the inducible tac promoter. It is expected that the leader
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TT CG GA 5' - CAT TTC CTC GAG AAC GGI GIC ATC AGC ACC AGI GIC- 15 CAG CAG
AGC TTC CTT TAG TTG ACC ACC GAT TTTephylsa¥eds B10 AAC CAG TGG - 3
A second ol i gonucl eotide, partially conplenmentary to the above sequence was
synthesi zed to pernit conversion of the above degenerate oligonucl eotides

t 0 doubl e- speptduskeill tleaventhe Tusion Eatghi it Ala\andBro @bsidpes 2l erdcoabpyd offilzecHIV ls@guence,
fol | owi ng steyeimrgseeratBy an BRAMAZL ProlAGST &Tin Ge@ilCype BYEORE®. ACT GGT TAC CAT- 30
CAA\_AAT -3' The degenerate oligonucl eotides and conpl enentary

ol i gonucl eobtatele 3wer e annealed. 35 G TC GTT CG GA5 - CAT TTC
CTC GAGS AAC GGI GIC ATC AGC ACC AGI  GICG 40

Xhol CAG CAValkdEroughMutagenegisief t t@ﬂ@ﬁm@m'mﬁ*ﬁﬁ GAT- 45

3'-TA AAA CTA- GGIL. AAC CAG, T g C_ACC C TCA
ca e G g e fgrice ichgp J\ﬁ% o e ol o ewwﬁwa o e

pol yner ase. @'ﬂc?ﬂg héfrf’&g%ﬁj g%e
(1987)). °I'he resul ti ng m xture was cleaved with Bst EII and Xhol , and
separated on an 8% pol yacryl anide gel. A 106 bp band cont aiéni rT(j: t heés acti ve
site windows was isolated by 55 electroelution froma gelpsslicge, gxtracted
wi t h phenol : chl o_;}(pf 0{:&)&' %?ﬂ ﬁgfhanol preci pitated. Vector pRB505 was cl eaved
with Bstg | and %hol “ahd Er G&LebAG CRTICSTC ﬁﬁﬁeéﬁcnélccal“l%q i G -

phosphat ase to prevent religation. The vector band was purified froma

| ow- el ti ng agar e ri.fi.ed,Bs ol _acti | ndo (100
nanogr ans) were 8 one ge FEH tsrtrElq.rﬂg ﬁ?r& &C egAé.f T%ir GAV%EI—”;%'F\%Z? 809
B1 pRB505 (500 nanogram;) The ligation mx was used to transforma
TGLApACY@L77 [erkicsghdi pggnd gnplicillin resistant transformants were
seleCted on LB anp plates ?LB plus 50 [err]/m anpicillin; MIler, J.H,
(1972), In: Experinents in Mlecular Genetics, Cold Spring Harbor
Labor at ory ( Cd\ ¥cemdrdigrguqiestidee partiakyyFompiementary to ﬁtﬁ (ALOML] ﬁ?ﬂ!{eeqe}/wafw@hes'zed to permit
t r ansf or man¢SVane oh Breaphour) dageneralp soligiydledtidpseto dubleriandest Tamedie complementary
t r ansf or A&anglgonsclectide padithasfoliowing 8auefisée| activity using the protease plate
assay described below in Exanple 4. Exanple 4 Protease Activity Plate
Assays 10 Sensit? Vi t§CoHfAAReCRCATETASTAY GCA GICE TETEAGTEGET MAR@AMIty to
be assayed is a proteolytic activity, substrate-containing nutrient plates
can be used for screening for colonies which secrete a protease. Protease
substrat8s such @&AddhBt uféd 15 henpgl obi.n can be incorporated into
nutrient plates (Schunmacher, G F.B. and Schill, WB., Anal. Biochem,h 48:
9-26 (1972); Eie@u&enmoléemeeouﬁ’ss%ee&.a/adnenﬁ%mﬁ&ueoﬂd%%rs bidealy €sS, Oxf or d)
p. 50). When bacterial colonies capable of secreting a protease are grown
on thesegpl ates, the colonies are surrounded by a clear zone, indicative of
digestion of the protein substrate present in the nedium A& pretease nust
meet several criteria to be detected by this assay. First "r'lth Progpase
must be 20 secrgted into the mediumwhere it can interact” Wth the
‘'substrate. Secondl, "t AbTpFECe4IE_BAG ANCeRRT STLerdIC PER IARS HGRISCT®- t he
substrate so that the resul ti @oar oducts are sol uble, and a zone of
clearing results. Third, the cells nust secrete enough protease activity to
be detectabl e above the threshold of the assay. As the specific activity of
t he protease decﬁeﬁséeﬁ a6 TMCesTdl da®TIIE® acwcedAOrrTetetion in the

_assay W II 3'-TA AAA CTA-

GGT AAC CAG TGG - 3

50

separated on an 8% polyacrylamnde gel. A 106 bp band containing the active site windows was |solated by

55 electroelution from a gel slice, extracted with phenol:chloroform, and ethanol precipitated.
Vector pRB505 was cleaved with BstEll and Xhol and then treated with calf intestinal alkaline
phosphatase to prevent rehgatlon The vector band was purified from a low-melting agarose gel The
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I ncreasSe. 25 One or nore prot ease substrat es may be used. For exanple,
henogl obin (0.05 - 0.1%, casein ( P&; gry m | k powder (3% can be

i ncorporated into appropriate nutr| ent pla Col oni es can be transferred
froma master plate using and inocul ating manl fold, by replica-plating or
ot her sui tprBbed &G AsHdgraMé)l Phed RftidH miXOWR RE6 BY Nk BIE S TEAPAGYCUTNJach REiATAGSE
S ubst r at e.ampRdilinOrédistait GnbRodkriantd verb S6l6dted(cANLBLaR p&ﬂapr(wusasb fghe amﬁds:m Wity J.H.,

capabl e 0f438li Appokimatgly 3000 frdneformaits woat abtainbd by thisr pbeedise SSeedral abf thosr sanbformants
speci fi 6i tweestesisdornevet adtivity using tha picteass plaer assdy elsdcebbdtbelod it Exampleé. t he range of
activities detectable in the plate assay. The enzymes included el astase,
subti | i si rExamplypsi n, and chynotrypsin. Specific activities (el astase,

81U/ ng powder; subtilisin, 7.8 Ung powder; trypsin, 8600 U ng powder;
chyrmtrypﬁ’%eas%éc“w?!rﬂ“‘bfﬁﬁéﬁr) were deterni ned by the manufacturer. A
dilutioff of each enz ne, 35 elastase, subtilisin, trypsin, and .
chynotrypﬁeﬁ'tl"%gﬂfsr ﬂ and 5 [err] aI i quots were pi petted |nto separ ate
wel s on ea of three nt assa iee§. P onta| ni. n

|
dr y m | k pO é'}e o egr’ls}gree [ colo egavsl ayﬁ‘secr e ca%cgl rotlgggs? lﬁ";%n denatu
plate) (50 at : .n.m
pl at es ﬁ
& 9 (l (N P

tes S
mﬁ’ Vgﬂs.s £
en GI’IJ our

enzynes ge&fﬁm s@cr&l ?‘Bl‘oﬁgse se s, 18 I'oﬁlésoé?ess undbtP
pl ates conbg, mu.aﬂvm\aﬁeﬁ.s of thé ﬂ‘?ot‘u?’s@)stra%l pésbR FEthéMedidnt. Y PSi N wer e det ect abI e
down t0 3 NQA Photddbe hidstmodkt RYWIRI Citétal 10 BERGetddRt syt B | aBsaly OFirkt, 3neBrote@dUmust be
SUbLi | %i rey@sd HRttRChaihEwRts ifcah MiRlct Wifh tRbsubdra® Sopsral thé proBie usihleatdSeveral
herm obi rpeptidathends ifthe GOBXraE is6 #at e SesOiingwoaugs @fdi saluble,BY RGolie 6Frilering Tesai
‘0. 1 per cermtird, theelisgmuat seeleshaugi proteasesaiivity @rbd detagtabis abyyasthethgstiold! ofithé esstyalak e
cl eari ng ZlEnspscific@etivite nithe prhiease dba@dases, thel thrkshold dmsountoeqliréd fomdsteationdh the adsty Will Si n
did not yiimskedsea vi si ble c|learing zone below 6 ng of protein. 45 Assay of
Vari ant 2s0f HPNe qpmsrecpreieaseisulistiosapryrbg vsedn Fesleyampipo i big (0.05i- 9 1%%%(%?%
t r ansf or nephdey roilistraiers @3%cap e ingereraerLinte agerarriateuidont nlates. ojonies can baignsferred
col oni es M @ﬁ%@ﬁ@d’s'u%?ﬂﬁ'ngi@"%F‘G‘E‘@Hs‘é’ rapligg-plating proother %l%@a*bod PH@one or
anpicitli ri“‘?’%ﬁ%ai’ Aiptessepntaining i, poteaspe pubsteate, Fallowing ¢ gsowth, ah 82 01G {9 dheaé?ﬂf‘?ﬂ"?
replica pl topR ’%Tﬁ%esr%P'P“?"B%P’eQBSSF"%F'S‘E’\%“"(‘PB"'&? erelng,# RQtpase FapaRly ofifiogstng

¥ Eﬁ 1 PTG hi d nd f
ei%s;sgl 2; q?rlfa efectaé?f(dg% plate a{l} I Og{ nz mesrli‘ﬁojs%af; asﬁgosu tllls::Ctth? r%aé)e #
substrate.. 4; 4ok e%mp .c.@gs §sﬁa9& 1@, uiwa%p ol H&ﬁ dér gﬁﬁ’s ;ﬁ? g
Eof hermglcf,ﬂ hy ,%?sg}, 83 fal

ps nd'c

I ncubat i.n ag;asel
anpi ci I'JI’5| %:I sm ,emas pigfelsm' dé FII:Iﬁ)ggar%{d(ﬁci V‘Qiﬁu err] to ?ﬁ?ﬂ

\concent rati on&epéoné.mmb @bdoln/ &y nﬂmGov?denM hén3IBEIR tnl &/ % cho%Héto arFhatriXf (10MOSsRAS €
subst rat e i) GkeosaMULrs, QM 7.9,00FM CECIS Bee Wéte prIFANSA. \OR TadeRyites(0.2%), @t th&iomsa

pI ates. 2Zuantityftbbtédl (025 n@ BCprbldin)Call fouli s Zyniee Géve deteglaliia fidakifg s [MAert tRDEoyliitiohs
.activi typ wsed lOndedgsacdaiaining povadfet i ntil | (386), Blddissbrand @rypsih Wéi€ dgtbaib downdo 3 rgrof

'm | k) Wi | |prdteiy ehymotrgpsia v deteatatid tn d.Sangoand dulitiistnmwasttietsbiables atchi Ieviel i @8iing latyiybtein
from t he opettgd.cOrblevieglphin pletes; fat ¢coneentrdtionseof hafinglobin sangiog florw D.0$ b Q.1 panceho f.haat s
‘gave a zoreé elgstase] tepsin pgd chymietiynsiyl asin Tﬁa&b@!ﬁarm 30p9sg On hempainbini Riateso findehthe

‘t ransf or mesRtditiopgsed. gubtibsinedidfot ¥ipld avighlocleaing @enp bRy R np slidein-pl at es. Not e t hat
the 5 #ry mlk povvder pl at es had been incubated at [err] for about 1.5
‘days and tAseayof Yariant Qé'f‘-?itp-éﬂﬁﬁas%l t hough no hal os appear ed af ter the 1.5 day

kgfgga;?n aéf éerr rmre faF‘ o I%Eég%f hkclaaﬁ%:[ol oni es OE ass%éﬂ%l atmg:eséj "r‘\ad
produced 1557?? e‘!;? arrﬁ‘éles f’ if)tpf'ﬁt es

e
nie IVl e gatm
contai nf’ n M»ﬁ é¥ cégjéa Ide?':i ﬁofg ﬁe iof, and
cl earing Vg‘ﬁ e“r‘d@%ﬁdﬂo&ﬁaﬁ l‘/ $
condi tions (Bhia bR s%i'un o b3 &Wﬁs eBYm,ri(%f hér%ro%'d?ri 4 g'of
three daY%wde%Qd ARIkGOTY hIQs de.anrzam;t&ranm&@aﬁaa atle (lirfufos| ro'tdp 15/@P Wi ka8 9
‘ei ther @REBIQAding\brh@idhiie SHIQBHES tof SbemiIls? hidiey 18Natlar @S GHEUR 6 - C i inaNEntdnivatiprisQds 8BS €,
or cont ai nighg aa.RBm,res\oMfahy, ERCRARAIST braRadecubists SR sof@6H. 80 mEof theSOp laer wable
Wi | d typaayetdt Untp LB @B plates.Wwer e al so streaked onto dry m |k powder plates
with 2 MM IPTG In contrast to the transformants obtained fromthe
mut agenesi s, these control transformants did not give a zone of clearance
on dry mlk powder plates. This 15 obsgrvation is consistent with previous
results indicating that retroviral proteases are selective for viral target




proteins (Skalka, A M, Cell 56: 911-913 (1984)). Using this assay novel
prot ease activities generat ed by thgpyabkasdgpugh nmutagenesi s procedure can
be differentiated fromthe wild type H'V protease by altered substrate
specificities. 20 Equivalents Those skilled in the art will recognize, or
be abl e to asCasnleaisacreting rsgfficiant prateslylichantivity Onhich niegredesdiiiéd parivislar subbta, in e plate
equi val ent de.g.0 diyhmillg pdlc hdveca eorieoal i atearirigs aradndt them iwhicke i idistingaigimble | flomdthia epagua .
Suclh_equi v Haexgtogndoof dhei pietee Wherdas iong of teentpsfpmesiedavb y zereef fledrihgyon Irnoglbtin piates, 25
Clainms 1. /A large hroporish oftha drensformantscgape @ Eee of Hledmneg 9h drp milk Peydatplates. Note that the
het er ogefedtisMili powderplalss had begn dncphetsd @t 35 G@aﬂmutrﬂeﬁt dayejanddhan ?fﬂge di Ntbough ap
of speci fi d@lo? ppregracafer the il poflax inckpatin; ah 87 46 morp thap 8% gf thergelenias op defassas @lalse
regi ons of "ad hples alter,3 dave in e (pirigaraton i h’S‘i’téa"tPl'e olonies ‘é‘dﬁ‘t"éﬁ’eﬁhhﬁ'@W'aﬁ? AtSanpiRe s
wi t hout sat"(?F ghieggd °?tﬂ€’ys’ﬁ'l5 Y"?GUPFE A hrotres siraaks gray- i Eﬁ"ng

et on ot e E@T Lt ;g.ogst?ntm fg ?géﬁgg?ﬁo bl o TR ?y

e| er which encodes si naI ence 2se, or con a

conpri si ng F "0'5 a?g? ql ot
Corrpr's'ngst BrﬁcPd m EE& ‘ré ﬁwﬂa&@o *P‘ﬁ?
nore predef i ieendse Ghdsh %o anasrntrﬁé atd Wbt ea%eoa%.est nctw?dnrnﬁ %t,ﬁaerrbns This
am no acjsdSopsdnaBon3d! Bonbibtbrd WittPptovidus RAGH iNdlcRM tal Bk IR ploldhdal ard ShibttiSroMN\tal target
ef f ect ed atpr@sisqBitaka! AM., EsHE8: ARG1EY 654)). Tefiig Wi 4sSayHo%e! bloBse Abtiviias GonbreBdl 8§ theed
region of tyk-though GhitageRbs Lrdbedufd) candbe difler6EitEd thor fthed RIHELBS HIVIpratede GyCaitBred
l'i brary corgbstrate 8gecHiciftgl er ogeneous ni xture of nutant proteins, said nmethod
conprising the step of specifically substituting each amno acid in a
predgl n&d Egeigalams of the protein with a single predeterm ned am no acid,

t he Substitution bei.ng effected at essentially each and every sequence

posi tion of tFwespskilided i theeatt wilk rpcegnize for béablgto@sesitain isingtnermmore than routine xperimentsdhod
of any one tign n@ny pauivalents to thheneeificpribagimentyefdhacinvention desgriber herein sSuckiequiyalents are

i ntroduced -t'tmdedto\neemownwedqyrtwetownealwﬁeg| ons of the protein; or (b) the
pr edet er #i ned amno acid is Ser, Thr, Asn, @n, Tyr, Cys, H's, Gu, Asp,
Lys or Arg; ﬂf“s(c) t he proportlon of nut ant prote| ns cont a| ni ng at Ieast

one resi due of e p edeterm ne nm no aC| d t e ngd reg ranges
f r om about 12 \s X se ol i %\‘wf b t °rf’9?" °H§m|' li5"r tanoffat?e fne?

exanpl e Were ﬁ gmr rﬁ?qﬁl I;? %a e§' med%m%cé wu o §td:at|on he
predeterm ned “g" c

region. 5. Th h e Wnere ut|¥)n o ?h
pr edet er m ned am no aC| as e ecte at eac and every sequence position of
the predefined meRBl @NgeAbra A HREHE coMRsiRg b R&stodeR uQ n.me sfhﬁmant Srbeing) sai@>
6. The n®t hodmghodBamprsiRy M 3k GPecilically siM3RiitAf Radh ihiodnedr MBGI fadliefitied At

| east one predgbhmedar;e@uﬁ)rw.tﬁcuwrdnseﬁ taofpkeaaamniaalanﬁhanw& 6 substitufdnObfeédan
23 EP 0 52pre@diédmindd Giaine ati¢ Heifd: ffeciod 1af) essuiitillyCédaeh andd svotyesqydntd position 6f bach
whi ch degr adepretidfisedragidni of the protetuibitn. at e in the plate (e.g., dry mlk) wll
havg_a zone of clearing around them which is distinguishable fromthe .
opaque baclkdyr duwethod bt generaiing at peoteiiV\ikeare aemprisinga béterogepecus awxtefmeutant prgtaive said
zone of cl ear mAocbeppasingothe Biem ofptpacifisally sybstitufingeoagh g edicoin agredetined region of the

t ransf or mant sPig&IRIh aigle Pesrletenmingd amibe acih thersybstiutiqa bgews@ctes labessentialxepch anthat
the 5 dry ni PeYE%eE H?F'Eﬂ“é’éthﬂaﬁd%'é‘?éﬂeii"?t‘tﬂm‘atp@é?"a Werr] for about 1 5
days and then refr %erat ed thou os a ared after the

i ncubat i 8n %t T d"fhe °8ﬁm'f'?t§°' 4 g‘ ?g&’;n?é

hal os after 3N '31:'8 fipe gs;? 5 A<l éd%nn o
produced hal O%ﬁﬁ %%g g %’%?% é?g‘n bﬁﬂg’ f gr&giﬁg % éfﬁes
r| containing

contalnlng 2

tp otgi io}:
cl ear | ngyher ongGakdled 'hs&sm.ﬁé A b eaem .}A&stuae i ﬁy

condi tions (grown overnight at re |gerat|on for three

days). As &, CORY héthod of by bhé eman& $3 q,therl;ﬁlsb&ﬁﬁmlaitﬂe bRudtdrmmed hrAhdacis BeiBE
'PRB500, whi chateagnshassvéri) 8eqaéHcB pssitioh 8f thé BroddiRdregibhdr ahiBastbné édefirdad Fégion @ the
cont ai ni ng pREo@i, Whi ch encodes the pel B signa ? sequence fused to the

"W ld tyge" HV protease, were al so streaked onto dry m |k powder pl ates
wth 2 mM [6PTThe rhethad@h biyamid ot Claiink e-3f wirehd the pradefisedarbgian an @tliedst o pirdalefined region
comprises a functional domain of the protein. '
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nmut agenesi s, these control transformants did not give a zone

on dry mlk powder plates. This 15gmh%efdes gpn | S consi stent mlm”melm !”",
results indicating that retroviral proteases are selective for*vical targ _
proteins (Skalka, A M, Cell 56: 911-913 (1984)). Using this assay novel

pr ot ease actCoipnies sscrejeg euflicientd prbigolyticeaciivitly kwhich rdsgrgéissrthe agrticuss issbsfyate dre tha rpdatec an
be differ@stidy aallkf wilinhavh@ zon¢ @f tclppringHirgung rthere avhish iy distingsishables idse tthea braque
speci fi ci ackgsound of e platpaVbereas nppeyaf dhediansforments gave [gezongraf clapring on demepirbineplatasy
be able t%'aéi?gd’é?i’%'%“d‘é? SH@an*érgévet hzane chelearanee ex grsmiliearder plates ot fiptyihe
equi val®enf¥ M p?"f‘ﬁ?ragg‘é%hﬁd m@aﬁeﬁé s’ . for g Et i %?FéfﬁP"dotﬁe'bFéfé'g?'?tB‘éd'"l‘Péﬂfbﬁ‘%
Such equi } paared a 7 %’

efc8I
Claims 1) ﬁ%da d ﬁ t E Ma %éﬁ o assag ate
were streake n?o % a?s eid:lnigso % on e g[jﬁleernll ?

het er ogengQ
regi ond Lif:ily" B HARbO0T wABY &B@eot b °d"9°'0 ewaaﬁéis@m i amgds
oniniAb Yithdr 'PR e s -the n I r
wi thout Seiespel i, eﬁcb&ssﬂ:g R i aew §A° e Blfsetlfy B 10
ef fect ed @feaiRd SRBLNAMIY p&R VRl I?ﬁélqﬁe&ﬁ'as!?%ﬂhé hr@storthan®dbihinel tﬂ.ened
regi on of mithgnsuis) tesecontiol Ttl’dﬁsfbrmé’rnts did ARighed z6de &Ql&%@%'oﬂ@rﬁmiﬂd’&hﬂérrbldtdsbf h Y
CONpri $d Nehsérvalioh BIcOGBRADNIH pravishis esultd indidating Bat B aYira prdfeases ateCkeRbtive for viraRiakyed
conpri si ngroteine (Skéliep AM., Gof) 86:i9f 1-813| (1 984)5.UUBBIY itHis idssayChoed pldteass abvitide igeherdied®yaheOr
nor e pr ededlik-thedgh ewgiagenssio brocedoreotapi be différéntiated/ framahepiild Wpe Hi\é phesteasarby eltbred
am no aci sibstratermpecifi¢ities.i t ut i on of each predeterm ned am no acid being
effected at essentially each and every sequence position of each predefined
regi on2of Eqfylefp otein in turn. 40 3. A nmethod of generating a protein
l'ibrary COqu_I‘I Si n@g; het ero eneous m xture of mutant proteins, said nethod
Ui

3

conpri si ng tTAse skilag ipthe a é"é P?%HF? 'gm%ﬁotamertﬂ ugingp merp fhan Lufing gxperienta-

pr edef i nel ['f?g] I‘T ’3 nis ofjthedmvantiop deretivad Rering SughieAyvalopts gre
the subst Melde %beoeé'lc?fEf’aé é’ﬁfh&? Q¥NEE¥WRt i al | y each and every sequence
p03|t|on 8| he predefined regi.on of the protein in turn. 45 4. The nethod
of any oneo * Cains 1-3, V\/nereln (a) a predetermned amno acid is

| ntroducesd I Gndd' gg,c pRIeHAREd gb@“ z:géergélen&ﬁg &L Mﬂtar%pro S
predetermn tlﬁmcgrq ﬁfﬁ Sirspe ifi ally "3ach' ghhino rd pre $Red
Lys or sAr 95 r&ionk & a |rpﬁﬁ}p£}fy dnB3f Bike M@@ breH&tst el 8mind %.aé Withdth Shurdic@R e
one resi due s A dP b&H PrueBinthRd aamorua.dadaing ofidttdd € efRbAERS 620 End &Iy ABqUeARIES
from about Jasitltot each PAB6IAA rddibn dTiHedprdteipmirRi NS i n the |ibrary, and ?

exanpl e wherein the library conprises nutant proteins containing 50 t he
pr edet er n2.nédmetidd garirating & plotetiibeanecdmprisihd a paierodeneuns miixturé biemaare geskeinscshid
regi onss 5. Tethodebiprisingftheastyp oinepecificalil aibstitutihg 3achvimenceaaid iudretar tmerd pradedifiedt he
pr edet er m necticasiaia aciesih wih ehy oo ot vt pedeltrminad agirer geidse gheesubetitylios iof ieach Of
the predefi medoterfiedramino aeid beingseifectnd appssertibliyneadh medypery sdquerize positionedf wachb5
6. The net hedefinedregionpldheprotelniity®. 1- 3, wherein the predefined region or at
| east one predefined regi on conprises a functional domain of the protein.

23 ¥ Fhé mehadad opper 91? Riotoin HRraey eqmpri '%% a f‘*ﬁ%’°ﬁ: eYE Mixiisg) of YR Rrotsiiiptdds es
s

d t oAl dffigallyjspisiyyfnagach, In &Preeripacfacioaiidion;
or (b the F°é°db\°"?£%ﬂ$ %ﬁ?f@'a 2 g%gc'ftf B e e o ety ek
anti body. SSV%V SeHRE® ﬁ%sf TR PrER '"egﬁ%g'°8f° 1% further conpri sing

screening, t he, ln'ei%@&fya b8 cRaiMs 2%, Yh&rbil g%lg f@t frfiled %&@Qéuilﬁ%%c@é inkd J:Qrg a
t

desired strugcfdiy r@de‘ﬂﬁed opfﬂe tein, OE(b, & m@@ﬁg'ﬂg@cn@
wher ei n one Qg H@@ﬁ: orWr& F" tc§ thBTpR. xmf%taﬂpﬁr in$ Cont nﬁ% %gst ﬁé)ll%h e
group consi %% tn8 Préde : antthoS acidl I théBiddetRéd redin dAges rdm Bidal Y2.8% 1814603 br an

proteins pr %%ﬁﬁot&ﬁé?ﬂrﬂﬁy By, Ehck iBEoX BRI WRbrda thawar? a&n&ifsesimmsmﬂemg contahing”
et hodseof  MiieqgaseRmhifedimind agit MEfrorN6mRdd Abbositighs @i 1Bé PredelifstBdisn. N a)
selecting a defined region of the am no acid sequence of the protein
encoded by (Themgwhodoftady bre df Slaims 1-3, wiverbia Gabstitatind ;of the predetermined amino acid is effected
at each and every sequence position of the predefined region or at least one predefined region of the
protein.
55 .
6. The method of any one of Claims 1-3, wherein the predefined region or at least one predefined region
comprises a functional domain of the protein. )
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b) determning a single amno acid residue to be inserted in

positions in the defined region; cﬁpg;ﬁtmp ng a m xture oﬂmmmmlm 'm”m f
ol i gonucl eoti des, conprising a nucl eoti de sequence for the defin®edYedion, *
wherei n each ol igonucl eotide contains, at each sequence position in the

defi ned r&githe, matipd of Claim & jwhbrein (a) hmwredefmedjeagmeepmprseb & gomay iat hesogdothe t he
protein to restalytie siigeohan-enayres ora binding denvding er (bXsbrupredsfinedl eagion coratiss aoffypérvegiable
predet erm ne'@oiemyf @pandibedy, t he ni xture containing all possible variant

ol i gonucl eot | des accor ding to this criterion; and d) generating an

expr essf off | T8regRed of amy SR c; 5eks3, é%ﬁ?’aﬁ%‘P@'gss&’eﬂ‘"@lt %) R P@B‘E‘?’tﬂ@@"e'"z@

12. A net hodse f prpteigs hayiRg @?ﬁ'fectﬂ'}‘ctt"ﬁé”ﬂ ®hed region conprises a

f I f .th he def
a5 R o LG o e ey S

regi on gonprises a 'I"% F e antl body; or (d) the
pr edet er m16]e&lll ;q'otlal %%a};edé?nrordl the ﬁe{ﬂ t}%ﬁy on%ClmH%?-'s Gu, Asp,

Lys or Arg. 30 alm er conprising one or nore

of the fohy, ON\thﬂocﬁJf%ﬁgen@&s &%%ﬁese%b&ﬂ'lg%eﬂrdieu{ ARG SOf cloned genes to

produce nmut ant) suieefid 2 delined6HidAlof b aminb 388 s&lerz8 bltnd protemlecodba m&s&eg&sbes
or encasled pr auiigerfizel;0 s€l ect for a desired structure or function. :

A library of . o) eaashinggrcingraainorerd résidue telbegsered tuh&mtd&anoafonQiramm&ﬁed 15
A met hod of pregibaci ng a nutant protein having a desired structure or
function by wa) kynthesiznggh mixtdra @t bligenusleotidesaomrising at ueledtitie paquarice fér)the adtiaed | Ng
one or nore dedgionewharaiy eash (aijonadleotideccantaing, cat @achdsegaae pasttionfin thh alefired tregian, t O
be 40, 2 19ithen g @vdleotids requirbrbiot systhbsis ¢f tthecmotsify Jo lbartdagenized rvg 2 ounisotide raqired
amno acid r eéqfdﬂef Plo thee priedptasmined] aminp cacidyi theo mibdirel qonteining @i spassible avedint
defined regi oRffigopucioptides gqepreiag fothisgritasioniiand ur e of ol i gonucl eoti des

conprising a qlesneraio an xpERstiRiEn & clogegiagneg cpitaining *’ggl'@ﬂ'{@?"WMer ein each
oI [ gonucl tA de [ @tc?l nrs‘ %t ee%é se uence position i n sal d defl ned regi on-

w Bes LA00 'C%T R TURDAE e o E Bl s
b t 't d
aﬁ1 g degl(z " re °" °° ?rré?"gxs '81'?”? X (9“ ?%(ﬁ'% Wég‘;‘ma@&fﬁ des
accordi ng too é cr‘ er o RBr At Py ng*an expreSS| on |library of clones

cont ai @bngssab%e%a&%mh?%%ﬁ &% bifiowind sy Lo detect a
clone. SNCOti 19 St WAt o fe BBy f i gt'aéfohf% pre or so

function; andpf scrédning S ity 3t aweare,&neeroptaﬁdo&d NiRotbiROto tsBiBct 36 S dedifbaShrlidtfrd b €
or function byunitioht ue of the presence of the oligonucleotide present in the

clone detected in step (e). 16. The nethod of C aim 15, ~wherein (a) for at

| east @se 14k ibrapylof icibasdajenestprépapd adterding ol theadlethodion OlaidCiids 55 are sel ected
to be inserted into amno acid positions in said defined region(s); or (b)
for at | ed8tA owthodief ipredatingegjimutant protoinrtgiiag jar dasiesti estrutture cbr duticiiod ByC walk-ihugh

sel ect ed t o riwtagenesiercomprisingithe step® ofo aci d positions in said defined region.

24 \_, 17. A | ebeelaciingopnenor more sdefifed regients) enf rihe  oing acie ispayennat clrite protsinefoniss in
whi ch, «ol | ecﬂ“tﬁ@?"jled witheutesalemeliani ned ani no aci d appears at |east once in
essential |y ePhiseryaeg oneer mefe aming geid resigre(s) frobingsrted o ampinor asidrpositiana it pid

cont ai ni ng_ at 98 9'8?@ re due of th redet erm ned amino acid in a region

f th ;) ' " ?ﬂqy %atﬂe spauenes, for, saic e
'?het t gt g|r O;ﬁl 5 |,Oer:'t er“; ruu i % s°°ﬁ“?l ach se[q ? Fual}%z sai efmﬁ‘(? &?
f dai'm 17,
or al m ! S‘Feg'f& c% :no:a ]:ggi ?'ml -] amlreo acnﬁgg the i rgc?né%vng B possi ng,é maﬂg to
lib

amno acid ing
a statistical eﬁggd g,gg Féss fp:, Raibi SligBRLcRA¥TE and t he region
is at or ar Ougéh rﬁnnd:tﬂ& ﬁﬁy& 'tld:de‘fécF §oclorﬂren at“éﬂf E} t@iﬁ 'ﬂ ving t@de@t%'s?ﬁ&ﬁe &

pOI’t I Olgp 10 fun&iaeraﬁ@ and t he regl onis a hypervarl ab e regiron o
ant i gen- bi ndi P@xsibdsRg aMutahthirotbih avitigARLEAcEHed SHEAISER DRUGHCthyChirku of b erekefée Bfr om
the group congesligongledfide pfasént in B clond\@étectdd imsteplig)., Cys, Hi's, A u, Asp, Lys
and Arg. 19. Alibrary of HV protease nutants, conprising nutant proteins
i n whi ch, 16 dhé eethbd ef Glaimt 18 Wiergir @Lliot atrieast one defined region, two predetermined amino acids
55 are selected to be inserted into amino acid positions in said defined region(s); or (b) for at least one
defined region, a single predetermined amino acid is selected to be inserted into amino acid positions
in said defined region.
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15 m ned am no acids appear at |east once in all positio ul
active site region of the protease.gp2@527'doe B1 brary of C al mmu“uulmm“ ““‘“‘
the three predeterm ned am no acids are Asp, H s and Ser. . *A fut ant"
protein of the library of Caim20 wherein Asp, H s and Ser appear in the
active sit d7.riifirgy of MotaR of A\ pretsinh ouinpybing) mutent cArateinsain mhigh, Leplisctiyply, a predetermined

ol i gonucl eot i afinp fcisk anpears gk least jocenint dseantially gvely aedition ipk regignuef |teoprptgie, whersin
seduence encdtvizg epnisising @t least oy rasiuerpf the prodatarmined aming eid iy tegign of the protsin

pr edet er mi necCORRAING MBRCHOR fangiag: Forh 80Kt 1261t font 0Tt fhe dptel umess o fifferpnd gnutants in

synt hesi%i ng B b¥at-ure of ol i gonucl eotides conpri si ng a nucl eotide sequence

for the prege] gecte |n eachQ onu eot decnta ns
sequence pgé ’%ﬁ’ éﬁ "Ch?w e'

required for ) Hsé,‘” g{iﬁf; ﬁig:}g:&d%‘ Eé“?'°““ gg"";' ‘?,'.’ s?ﬂg"g a%"n
requ”eqfort ro h regio dm
il

cont ai ning al manOa%ﬁ' earf.!oﬁﬂ Qitb e‘fhrc%ﬂ @i nfy‘ﬂ y. Hi

two nucl eot i eac posi tion. x ure of ol rgonucl’eot |
produced by the rret hod of C aim 22, wherel n about 12.5%to 100% of 30

the ol i gonys.l £ Mkl @F HAOHEGsH nidants, @R Biteinglin AhicH, RelleBivel1RES bRAdKIN ed
am no-agsd. Zflineddminolbeids biipBattat IB&H o af YOUitid RS the ladtivb Bifb rbdidh df B PRB%assvessel s,
each of four vessels containing a different one of the four nucleotide

synt hons cae.resicag iohClaiin0i9] wiereinahe thise! pledadnniiebantifio dokié\ara AEp, éilscdnd 8ér. Si X
contai ni ng vessels containing one of the six different mxtures of two
synt hons. 2% Aattentpeoreinf theliierary of Elaim 20ehéraih Aem Hiswand Birlapeagin dleactive site region.
Praqt ei n-2Bi bl i ot hek, di e eine heterogene M schung nmutierter Proteine K>
unfaft, woBRiA me%@ﬁgqfe@dmgfaamwem of eligorelpgtides; forpitagepssis wfthayt sebaticn of tnuelentive n
j eder Ami nos cRgAuen¢enenspdingra arlpcted regipdeaf arpipipie taoiAtroducpor Pradalarninedt epingrarid efrRaph
ei nes Prot ei rR9sifignin dofagion, qpprigipg, pythasizinges F‘E‘B‘Feg‘ér?“g%‘ﬁmw%ég‘f‘?'ﬁ‘ﬂﬁ @fiucleotide

Ami nosl uren diff "‘§aff"t BrRgple tWheﬁﬁBtTé?h g f’? Btrle EP@PB"E‘?J%F'M
besti mt®n Anf JI% g&@ﬁ?l"f’% 91”" Té’ i ?cug? Fm' poepion
3

of
von j eder ZU\RS'F %s 'ﬁlxtufe containing all
e a a

bewer kst el | i J**W e‘éf"ﬁ%"gmﬁ"j;%é ‘V“?‘P'Q‘h ﬁ'\é’ B  ruglect h position.
Prot el n- B o SEL0F 5 5 WAl O RHOLSHIE 1 35
wobei basadteh, iy gy b iR Wﬁ%éem@ﬁi s e

Am nosfure in elrner o er menr eren zuvor gli onen el nes PI’Ot ei ns

mt einer EE'Arﬁpdtﬂ:ﬁéhthNK‘éﬁhhe&W&rng RATEd %&Qelﬁ%dﬂ%?foh%é‘s@ls%ﬁ%g%td-ﬁempe'
di e Substit utdn@ref iREUr nGsldchbe BRThbASEBBIPoriHgNe HBUOE dubboBSCHONACARbabi otdht €N
und j eder SeqgemBEiBipg Gdséeisontkififg drid @Ethe ik diférerd abdurd¥ot A0 sii@ghein des Protei ns
der 50 3 Reihe nach bewerkstelligt wird. 3. Ein Verfahren zur Bil dung

ei ner Pr ot eatenBndpriiabbhek, di e ei ne heterogene M schung nutierter Proteine
unfaft, wobei besagtes Verfahren den Schritt der spezifischen Substitution
j eder Am nds ckin ¥erfahrer izweBildungveiner [Beptein-Bipliothek, Riecdingi hetersgererMip¢hungemuiirier Proteine

ei nziygen, zuwmyathawobdi basagies Merfahres derr Safiith ddr\spdzilischomBithetitutigh éederAminosdure in einer
Substit yei on 9dan mehsesen fuver esfimmienaidgionen gines jPectpins nalbejnas 9ges arphierep holipbligen: gwwor
besti mt en Priseimmien Amisasdyep oheq Filtigyag H“fﬂé'%el”k@t die| Juljstitufipr jgder pzyvor beptimmters 57

809 Bi Aminos&ure im wesentllchin in allen und 11@1 fiqupnpqpos,tlsp von jngr 2y bqygrpnptgh IR@gfon
genaB ei nem G@PPWﬁF?'ﬂ?g’efa%i@w%’kﬁ%WiW (a) eine zuvor bestimre

A 1051 ) e Gl Sl SR AR TS e%zefﬁ%n%r GORRbasl
Hs, du, ASpode 398 RO oreihln Sor o "\gﬂ'{ £l o oingE b ienChvel fu"v'
Proteine, di %egﬂ 9:? aminSsaGreh &l 1ilv dlezé\)ﬁgﬁt ééﬁﬂ\ sdu
zuvor 5 WRartiichaXLIE BeRaRd Bﬁbr%gé pb&idn vbr e E@vbncl}fbsmﬂteﬁh%nld%s $|{R§iﬁs%er

100% al lsgr  NMudid mhéhbewbriiidiigh@rgder Bl bI ot hek I egt, und worn zum Bei spi el
die Bibliothek mutiorte Proteine unfaBt, welche die zuvor bestinmte

Am nosaur esj reig Verahrel izGr Bilkdur@l dirn Pl?ﬁmmbuemao dieNbird EHeteradsrr MiBhEhg MtleRst HRRGheON
ent hal t en. 5.unifiBg wdbdi badagies Vératin dénSontittlGsr spezBih& Bubstitutioh fedéet, Anvinsiune itli efher
Substituti on aes bastimowenlPResdinregidnanrit dibr sinzigeArAuvod bestimeten Mmirlosdairen anfdteistohibei die
Sequenzpesi t i Substithgion imuwesentlinbert inraliéreundRedyr Sequeeteositing dergaiva vestigimtanr Prateinregion
best i mrt en Redgr Beihechach awerksipliigt wikwer kst el | i gt wird. 6. Das Verfahren nach
ei nem der Ansprtche 1 bis 3, worin die zuvor bestinme Regi on oder

weni gstens ei ne zuvor bestimte Region eine funktionelle Dom ne des
Proteins aufweist. 15
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7. Das Verfahren gemaB Anspruch 8, worin (a) die zuvor bes}:_! o
ei ne Domane an oder nahe  des kat alpg o 889809 BENt runs ei nes mwj"mmmm"m,

Bi ndungsdomane aufwei st; oder (b) die zuvor bestimte Region ei ‘ne*

hypervari abl e Regi on eines Anti korpers aufweist. 20 & Das Verfahren nach
ei nem der 4AnB3sr \Gfponi gdnidd efemtigs Aeprichee bier3e worini () &hrer waribagfiminde ABinbssuretimek
K> el eqer anehpreyzuvprRestrupte Segteincedionan iogpflel Wirdiradein(oPdist 2o destinmte
ei ner gewf nstAnesAursSer; KThi Ase iR v vs.i [dn QlwfAsp.t Lys.oodeDArg isfopder ke der Aiilider

ei nem der An® Pﬁ%@g"lgg §"13“|‘t'e"‘9ﬁ§§°1‘g1 °\§?’h@°ﬂcﬂ9f ZH&_‘g‘nr;é?";é‘oé'.ﬁ@r I':'Z'l!l()sél‘feb‘és‘iefnr:ﬁ;t:en

2mit i ert 2?1 g? smf’hﬁ'é "eg&g *’H g’&ﬂ?’g ?"ﬂ’é'ﬁg BE%‘;‘Y%E%& RSP bi s

9 gebi | det |'%‘TSt @BAmi"f “f?"h"'?fé Féﬁf“ H Qﬂl"" ? 'rl."&‘ées'é?'ﬂ‘s% WRSYRL 6j n

Protein c d' Jst rééﬁ’pr? 'nacqaa ¥|e rq( S@t u%)m é%sgvl bg!tu?' rn26urvor be rll'irrrlrtm en

Regi on d,qer e Ve g ﬁonsder 1135 BT hadon Db ARSI ) 0
n codirert & est, n,r équ &l&é?eﬁggﬁ% Am nosaur erests zu nser

i n Am nosi urepositi onen | n e- stim egi on; 35 c) Herstel I en

ei ner Qi gonpgsl m&nrmaacélwagder dhs%neweb.w%ﬁﬁwe%eﬂH@sﬁam{e%gféh e Geridsiant €

Regi on unf af dine 2dr bbstimMReglch biBOfiRELRMAS Dendnd désFiainsRMSRNZPOSI tion i n der
besti m#&en Regi on entweder ein Nucleotid, das fOr die Synthese des zu

mut ageni sizer Basd\@raHrisnOjeis R Ansprucld B.OVdrih i) laiel fivor beslitimtec Régiohibib @ointieh, anchaier dahd

ei n Codon dedeszkatalytisciapsZentiomisceinebrEnzynss otiee oige Bindahgsdomdie audvejst; coderh@) tie zwmbe
di e M schungbestihrete Regjbn aifecypereriatis fegie niess Adtikigmrsantweist | de di esem Kriterium
gemaBI enthilt; und 40 d) Bilden ei ner Expressionsbibiiothek

gekl ontaer sGeH@ Vetfahrerh pach pinemller dosprisheedibisc dasdbmiveiteren eln2Scréaning er Bibliethek
gemaBS Anspr mutigrter Protoirsr 3up, Sglekfionciop mytiesien Ristelnemmiiciper gsiviinschitenrSukteyradpd Runktiomi ne
des Protei nsUBgftwei st; odor (b) die bestimte Region eine Domane an oder
nahe des kat al yt | schen Zentruns _ei nes Anti korlpers aufwei st; oder (c) die

besti mt e ¥R g4 IPcheety PiS 9. #piietine, eder mehratiatdey, gvpobesiimmten
aﬁfswlel s"fe 03%:"‘(853”%&58 ggg&'i‘ é%é ittt gbAm nosi ure ‘Ser, Thr, AaneG n, Tyr,

%: dslss\,/ve‘g E}ie é%ﬁdthekyréuﬂﬁgg) rr%é Ig‘étn m%%rf gere];?ae% em%ﬁ rHetB nﬁég* heu?gnisls} '
()

a) Expressi sagt er Bibliothek gokl ont er Gene umnutierte Proteine

her zust gl l4¢Ngin YEHARA Sl Milagetebeiiiak B8 glt toiokdle sg(ag&o'ﬂ? vei RO Ghradeene oder
tei

codi erter Pr OtaselAnmmamﬁsrnﬁesﬁﬁm §ef dePtAnticlslire RL) &4l von dem zu
sel ektieren. bfsg,y.me éncgomg{(w.g,e lonter Gone, die nach dem Verfahren

gemaB Anspr ucb) Bbstitfiien oS lelnkigaheAmtRdtaurGiBstsl Bur 1beRio/BY AdiRbsBioosiiionsle S & deliNg
ei nes nutiert eemmtedREgisS M t ei ner gewOnschten Struktur odor Funktion

mttel sswal kt hy orglslidhliirag Ongaacieotdtisthung Adie Wins Nabisdiasethionz B hifei Besnmta TrRGibn 26
EP 0 527 809 MRinfast, worin jedes Oligonucleotid in jeder Sequenkpositionfn Her dbpstifurrsancivlgiom ergveter eil0dOr
mehr er er best iNvolealid, BResgilo ienSyhtheseAdes ais gwtagenisiprenden Erowingregiordertich, istd aderodime
Sat ti gung nut d¥yeledtidi dastflrgin Gasian dey| Zuvor bystiBenteni Aminoséued erbogiedicieist, emihiiitewabei die

Ami Ros| ur er estMischefigealle mogliehen Nersqmﬂ@p@@haom@hewe idiesdyei§riierivm gemétsenthiivtuash

Regi onefl i nserd Biiden giasr drepressignsbiblipthels geklonter Ger@)dwrmsytwllgewclewﬁe P"tha'fen

A i gonucl eoti dm schun die ei ne Nuc] eot i dsequenz fl r b e best

Regi onen dff ?tverf d@%"’ 'o‘ﬁ‘ii't'fl( o‘ﬂ'? gestipm ‘P"i‘ﬁ’ie |dﬁs
besagt en bes ’f’ o gﬂ 8

zu nut ageni SAnl r els ogeerg uvor ér«i ew:mmosﬁure %?IHI sfar
ei n Codon be oS AU SRR Order Ic ySt enst‘ art

wobei die Ms g a e nﬁgl [ chen ver schi edenen A i gonucl ooti de d| esem

Kriteri um19.elﬂasa\%rf;lgen Femés ﬂﬂfsrﬂ&l h’ dds @ l'vgﬁﬁn hrdR rodme%?e?és H&nl’glg r@LH AN

von Kl onen, ghgebesagfe Qi gonucl éotl e ent hal ten; creenin
Bi bl i otsgek zUry) Elptealisn 18a 6@ Bt/ BékionteFGne QinlImiNléhtd Profofas hdrsustofin! undloder d€T

gewunsch- t en ppiseidkding b Biblidthbk GékiontedliGBid odekl 6lierter Proteine, um eine gewlinschte
Struktur oder Funktion zu selektieren.

14. Eine Bibliothek geklonter Gene, die nach dem Verfahren gem#B Anspruch 11 hergestellt werden.
65
15. Ein Veriahren zur Herstellung eines mutierten Proteins mit einer gewlinschten Struktur oder Funktion
mittels walkthrough Mutagenese, wobei das Verfahren die Schritte umfagt:
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f) Expression eines nutierten Proteins, des aufgrund der An\é\H ”ﬂ”um

A igonucleotids, das in i6 de ions,ﬁ%g t (e) detekti ﬂm””m
vor handen ist, die gew nschte Struktur ‘oder Funktion besitzt. _
Ver f ahren gemaB Anspruch 15, worin (a) fU wenigstens eine best| mne Regl on
zwei zuvor best b AtkwEhRA RSN fidhrerdl BESNRATEnt RegBAeAB: Arilhdddlrésequenz des Proteins, das
Am nosi ur eposi t biMe Bktigung ARGgaisRit wader sdl;n besagt en besti mt en Regi on(en)
insgriert werdeb) Bestinmon sineke bdef Mehfoldd AvirdERYBIBRS diei in AAntr@siurapnditiondre i ibaagten

ei ne K 20 bestimnieg Beglansm msdpiers erdent selleAyTi nosi ure ausgewl hit wird, die in
ei ne Am msosaur epoBerstelen ainer [QligangdiestidnisebtngmdieceineRlgéleptidseqpear ifle riesagter bastimmte
sol . 17. Ei ne BedidnpmoumiaRt, waorin lotesaQligonucieptidely iegepSequenzpositiop imbegaglen destimmien
Pr ot ei ne unf aBt Regiqner)eniwader qirs Yecteatid desi yeSynthess dep @¢ muigganisiersnden Fsaiginscerfordertich

m ndest ens ei nnigh ofeneiicusieptid; dasdly ein Coden basagieyuvoy awt'mwwelms@@%fmde@g iS5
Proteins vor konﬁ’t‘“a“v\)ﬁﬂbP'rF'Q\M'F%{H?Qeﬂ'e m9g h?ﬁ ‘f‘i‘&é@?"@%‘%‘ 95‘9%?19%?'958@ tiorirg pomas

b & A Al |

e ber e ch von gﬁe ogon @58)“ te it §F9° ﬁai?rfﬁ” ntel

Mitanten in der? elef'Bq T&e"Ef 'I?' '["Htg p?eﬁvgﬁsc'h

vorin (a) die nj éx&g" & ﬁ@%&le x d%s.ngtaxg eﬁrg taemv?es 9&%1{ G,
Kl

& ner bl Zu al q’ger 8% g&@not ei n e| n éé bGSItZt

Verteil ung gleic zeltlg(e)qaﬁghten

di e Regi on ggNeflQ6ma@h Qe Akphh Wb W&iRe@) fRWehibéidhs ! eie: b&ﬂ%te(ﬁeblog%el zuvor
Protei n ein ApbdtkiidRhincdaEn ﬁ}sébwzﬁ! \ber&ﬁscﬁ@iﬂ Amirosgulépshitidhen ifIG3hd? o8dr besagten
hyper vari abl e vBaiginteh Rblonén)linsgfnr virdbd WBIBR:SIdSH (b 1ul HbriigsBA€ Bind Bestidlin® Regiéh)eine
beskr/ 8o A 1eM3igl evoSeéstimmhier AmifssBure Gushewshlt rwirdOHi6 ,in bing AmfidosBurePSaition liry Besagler
Arg 36 1%Destimmten Hdgioh insdriveerdemrsoldl V- Pr ot ease- Mut anten, die nutierte
Protei ne unfassen, in denen genei nsam drei zuvor bestimte Am nosauren
‘weni gst ens #. rHinal Biblintheld vos rMuRateh teines) Broteins) die maliedth Pehdainealoifady dm déhem insgasamtchine
Prot ease vor k@mweebestimdte AvinosidreemiBilastonpsoeinmesk iny wesaBlichensip iaderhPosidion ipwginérrRegdipredes
drei zuver bedrdteinetvorkomemi. wodn Mutantenadip mindesiens pinesBest slprayvor bestimpiten Amindséure s
Prot ei n der Biel#pi Ragjen dosRrpipips entha uQ!'P?"ZO"G" ipoBereichxemotwa i 25%, g 1903 der Fegagtashic h
des aktiven Zéﬁ"t‘f"l’fﬁ'ﬁe“\?ﬂﬂ“%&tﬂ?@h in B'E'Q"“"'E?”i’i”"(?é’? f ahr en zur Her stel lung ei ner

a | I\/Ll
Nucl oot ngg%%{%%h *E ,gt Tm e,e%e’ i é i i ;%i‘g
ei ner zuVbor bé g R1d grg&e namo er Btﬁc esk% ﬁ |st oder’

und di e Her st

o r eln n st u
; . g em z}l,J Le‘# rlable |on der
Nucl soti dsequ ég gf s His
A i gonucl eoti ¢§ Quenzpo& Tl on | n er ausge h| i on

rent weder gein fUr e Synt%ese der Am nosaure der Region erforderl [ ches

‘Nucl eoti d ogerEiRiBiblibthlk vah RIVCGRSI036-Metantér! iR mUREES! PriiBiheiintitb) @SdHérEgemeinsam drel
erforderli che&u\kiusés&aﬁ\tedammantwenuadls@ina\amsnbhtpb@ﬁoﬁ&dﬁa Bdreidh a8 Bktitnl Zntrums
.nBgl i chen ver sehvreieRBedikdeimegonu- cl eotide enthalt, die jedes der bei den

Nuckegtide an jeder Position enthalten. 55 23. Ei ne

A i gonuclkeo2o. e Biblivthak) gersliRcAnspradh 19 worldadid dviair 2avor destimbBhtehnAnginiaséunen24sp, His und Ser

‘hergestellt wisind, worin etwa 12,5% bis 100% der QO igonucl eotide weni gstens
:ein Codon fUr eine einzige, zuvor bestinms Am nosaure enthalten. 27 EP
0 527 809 BAl. Ein mutiertes Protein der Bibliothekigemis |Anspatuch 29.1warip Asp.His mndh Senjny Béreieh ﬁ??g
-zur DNA- Synt hé@siwemfentrynsiferka@mgienzgef al on, wobei Jedes von vier GefaBen ein
-unt er sch*®edl i ches der vier Nucl eotidsynt hone ent hil1t, di e m t den VI er

Nucl eot i den®&d h’@béF’ ?{Ste' 9 ﬁ‘ﬁ%‘ °"9&W “%ﬁ“’ AL Sl
ésechs unt er Sci % 9 I I'I Qt en 9 er ZUVOI' estummten
: di H

T ot E}s'g”"i' tl‘ Foh | Xy

:Revendl| cat | on

§§' 7"”"3
Bt di Z n eoti
conpr ena ‘% | 18 elnz}sﬁo I : Ejn 0 UVOI’ augg‘ww 0 u % oséure
.conpr onant | g e tﬂ .gr? E; Ammos§

.Chaque am no- %ﬁbr lic é’srﬁuclé&ﬁ et P hhsdug EuﬁneFe o ﬁ@c’iurﬁb’ i %blﬂhé?ﬁ/e cth&QneP'bgﬁ ﬁb he

par un anm No bl ohkHAN, &95&9&&%9 bérH%ﬁN% dotife ,éuar PUditib dhthaidd! S am no- aci
prddet orm nes, sans 'saturation, |la substitution

55 23. Eino Ollgonucleotldmlschung. die nach dem Verfahren gem&B Anspruch 22 hergestelit wird, worin etwa
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23. Mélange d'oligonucléotides produits par le procédé de la revendication 22, dans lequel environ 12,5 a
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25
24. Appareil pour la synthése d"ADN comportant dix cuves de réactifs, une cuve sur quatre contenant un
synthon nucléotidique différent des quatre synthons nucléotidiques correspondant aux quatre nucléoti-
des de I'ADN et une cuve sur six contenant I'un des six mélanges différents de paires de synthons.
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